Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



e00048447X 



A SYSTEM OF 



\'^ 



PRACTICAL ARITHMETIC, 

ADAPTED TO THE USE OF SCHOOLS; 

CONTAINING 

THE FUNDAMENTAL RULES, 

AND THEIR APPLICATION TO 

MERCANTILE, COTTON SPINNING, MANUFACTURING, 
AND MECHANICAL CALCULATIONS. 

ALSO COXPBSHSWDINtf 

NUMEROUS RULES AND EXAMPLES 

IN THE VA&I0U8 DEPARTMENTS OF 

COTTON SPINNING AND MECHANICS; 

USEFUL TO 

COTTON SPINNERS, MILLWRIGHTS, ENGINEERS^ 
AND ARTISANS IN GENERAL. 

CONTAINING CONSIDERABLY MORE INFORMATION UPON THOSE 

SUBJECTS THAN HAS EVER BEFORE BEEN PUBLISHED 

IN ANY TREATISE ON ARITHMETIC. 



BY SAMUEL YOUNG. 



DERBY: 

Printed for the Author by 
HENRY MOZLEY AND SONS ; 

AND SOLD IN LONDON BY COWIE AND CO. POULTRY; 
AMD IN MANCHESTER BY W. AND W. CLARKE. 

Price Pour Shillings and Sixpence* 
1833. 



/f^Z , c, 3y 







ENTERED AT STATIONERS HALL. 



PREFACE. 



Thb improvements in Cotton-spinning, Manufacture and 
Mechanics, have long required a change of Questions in 
Arithmetic, so as to connect the latter with a general infor- 
mation of the principles of the former ; divested of technical 
terms and abstract matter, which often more obstruct than 
forward the acquirements of the Student. 

A youth leaving school, and entering upon either a Cotton- 
spinning, Manufacturing or Mechanical situation, although 
a fair Arithmetician, often finds himself at a loss how to apply 
the Rules he has learned to the performance of Questions 
intimately connected with his employment ; and few persons 
in either situation have the leisure, or the means of obtaining 
a Mathematical course of education, sufficient to enable them 
to study the more elaborate treatises on Mechanics. 

The present Work has been compiled with a view to for- 
ward a general and practical information upon such subjects 
'as are daily called for. 

The elementary parts. Proportion, Fractions, Vulgar and 
Decimal, Partnership, Position, Progressions, Square and 
Cube Roots, are applied to Cotton-spinning, Manufacturing 
and Mechanical purposes. 

The Rule for Proportion is that of Cause and Effect, and 
by it many apparently tedious Questions become easy ; no 
distinction is made from Direct, Inverse, or Compound Pro- 
portion, the Rule of Cause and Effect rendering that distinc- 
tion merely nominal, and Inverse Proportion is where four 
terms are given or implied to find a fifth. 

In all cases the Rules are formed with as much brevity as 
is consistent with the nature of the Work : and it is presumed 
that the numerous Examples under each are so arranged as 
to convey systematic and very considerable practical informa- 
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tion to the Student, whether intended for Commercial, Cotton- 
spinning, Manufacturing or Mechanical pursuits. 

The kindness of several friends is here acknowledged, for 
their information on several subjects, but more particularly 
to Mr. J. Hill, the Architectural and Mechanical Drawing 
Master, London Road, for seventeen Questions connected 
with Mechanics ; to several friends for their information in 
the Cotton-spinning department, and especially to Mr. J. 
Barnes, of Manchester, and Mr. G. Mellor, of Hulme, for 
their generous assistance in the arrangement of the calcula- 
tions. 

61, Lever Street y 
Manchester » 1833. 
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MARKS OF ABBREVIATION. 

+ is the sign of Addition^ and signifies added to, 

— is the sign of Subtraction^ and signifies diminUked or 

lessened hy. 
X is the sign of Multiplication, and signifies multiplied hy, 
-5- is the sign of Division, and signifies divided by, 
= is the Sign of Equality, and signifies equal to, 
J is the sign of the Square. Root 
*V 18 the sign of the Cube Root. 
*J is the sign of the Fourth Root. 



TABLES OF MONEY, WEIGHTS AND MEASURES. 

MONEY TABLE. 

4 farthings make 1 penny^ marked d, 
12 pence ... 1 shilling, . . s. 
20 shillings . . 1 pound, . . . £• 

Standard, or sterling gold, contains eleven-twelfths of pure 
gold and one- twelfth part of alloy. The alloy for gold coins is 
composed of equal parts of fine silver and copper. Hence a 
pound troy weight of gold contains 5280 grains of pure gold, 
240 grains of fine silver and 24>0 grains of fine copper. 

Standard, or sterling silver, contains eleven ounces two 
pennyweights of fine silver, and eighteen pennyweights of 
fine copper for the alloy. Hence one pound troy of standard 
silver contains 5328 grains of pute silver and 482 grains of 
fine copper. 

B 
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The value and weight of gold and sUver coin of Great 
Britain is 

Gold. Value. Weight. 

A sovereign = £l bdwts. S^^ grs. 

Half sovereign = 10 ^dwU.lS^grs. 

Silver. 

A crown ..= 05 ISdwts. ^^ grs. 

Half crown .= 2 6 gdfvts. 2j\ grg. 

Shilling ..= 01 3 dtvts. I5j\ grs. 

Sixpence ..= 00 6 I dtvL 19i\ g^'* 

Coins of foreign nations are considered merely as bullion, 
and are bought and sold accordingly. 

TROY WEIGHT. 

24 grains^ gr. = 1 penny weighty marked dfvt 
480 grains . = 20 penny weights = 1 ounce^ oz. 
5760 grains . = 240 pennyweights := 1 2 oz. = 1 pounds lb. 

The unit of all weights used in England is a grain of wheat, 
taken out of the middle of the ear and thoroughly dried. 

By this weight gold, silver, jewels, &c. are weighed : the 
stren^h of spirituous liquors and philosophical experiments, 
and Uie number of hanks of yam in one pound are ascer- 
tained. 

DIAMOND WEIGHT. 

4 troy grains . . =■ 1 carat 

5 diamond grains = 4 troy grains. 
1 50 diamond carats =: 1 ounce troy. 

apothecaries' weight. 

Used in Medical prescriptions only* 

20 troy grs. . . . make 1 scruple, marked • • 3 

60 troy grs, S scruples =. 1 dram, 5 

480 troy grs. 24 scruples rr 8 drams =: 1 ounce, . 5 
5760 troy grs, 288 scruples =: 96 drams =: 12 ounces = 1 /&. 

apothecaries' fluid measure. 

Cubic Inches. 

1 fluid minim . . = marked M.= 

60flu.m.= Idram =: , . F, 5'= 

480flu.m.= 8drams= 1 ounce F, §.= 

7680flu.m.= 128dram8= 1 6ciz.=l fl.pt 0= 

6l440flu.m«=1024drams=128oj8;.=8flu.pts.=l gaL 277-274k 
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AVOIRDUPOIS WEIGHT^ 

Used for all purposes except those beforementianed. 

Grains. 27H = ^ dram. 

487^ = 16 = 1 ounce. 

7000 = 256= 16*= 1 pound. 
196000 = 7168= 448= 28= 1 quarter. 
784000 = 28672= 1792= 112= 4= J cwt 
15680000 = 573440 = 85840 = 2240 = 80 = 20 = 1 ton. 

HAY AND STRAW WEIGHT. 

36 lbs. of Straw make 1 truss. 
56 lbs. of old hay . . 1 truss. 
60 lbs. of new hay . J truss. 
36 trusses .... 1 load.* 

WOOL WEIGHT. 

7 lbs. make 1 clove. 
14 lbs. . . 2 cloves =: 1 stone. 
240 lbs = 1 pack. 

LINEAL MEASURE. 

Barley corns. 8 = 1 inch. 

86= 12= 1 foot 
108 = 36 =i 8 = 1 yard. 
594 = 1 98 = l6i = 5i = 1 perch. 
28760 = 7920 = 660 = 220 = 40 = 1 furlong. 
190080 = 6S360 = 5280 = I76O = 820 = 8 = I mile. 

A hand, in estimating the height of horses, is 4 inches. A 
pace = 5 feet A fathom =: 6 feet A chain = 66 feet =: 
100 links: and a link = 7*92 inches. A mile in Russia = 
1100 yards; in Italy, 1467; in Scotland and Ireland^ 2200; 
in Poland, 4400; in Spain, 5028; in Germany, 5866; in 
Sweden, 7288 ; in Denmark, 7283 ; in Hungary, 8800. A 
small league in France is 2983 yards ; mean league, 3666 ; 
and great league, 4400. 

GEOGRAPHICAL, OR NAUTICAL MEASURE. 

A nautical mile = 6075'8 1 feet 
8 miles := 1 league. 
20 leagues := 1 degree. 
860 degrees = the earth's circumference. 



* Hay sold between the Ist of June and the 31st. of August, being 
new hay, must weigh 60 lbs. per truss : all other, 66 Ibt. per truss. 
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The earth's circumference is equal to 131237500 feet, or 
^^S55 miles and a half> very nearly. 

LIQUID MEASURE. 

Cubic inches. 34f = 1 pint = 20oz. of water, avoirdupois. 

69I =2 = 1 quart. 
277*274 = 8=4=1 gallon znlOlbs. 

The undermentioned are merely nominal. — A firkin, 9 
gallons; a kilderkin, 18 gallons ; a barrel, 36 gallons ; a tierce, 
42 gallons ; a hogshead, 63 gallons ; a pipe, 126 gallons. All 
casks being guaged, and the contents charged to the pur« 
chaser by uie number of gallons contained in them. 

MEASURE OF CAPACITY. 

The gallon is the same as Liquid Measure. 

Gallons. 2=1 peck. 

8 = 4 = 1 bushel. 
64 = 32 = 8 i^ 1 quarter. 

Other terms are merely nominaL 

COTTON- YARN MEASURE. 

Inches. 54 = 1 thread. 

43S0 = 80 = 1 lea, or rap. 
30240 = 560 =: 7 r= 1 hank, or 840 yards. 

LINEN-YARN MEASURE. 

Inches. 90 = 1 thread. 

10800 = 120 = 1 lea, or rap. 
108000 = 1200 = 10 = 1 slip. 
2160000 = 24000 = 200 = 20 = 1 bundle. 

Ermland yarn is 85^ inches to one thread, and 40 tlireads 
to one lea. Hamburgh yam is 80 inches to one thread, and 
90 threads to one lea. 

WORSTED-YARN MEASURE. 

Inches. 36 :=. 1 thread. 

2880 = 80 = 1 lea, or rap. 
20160 = 560 = 7 = 1 hank, or 560 yards. 

The cotton-reel is 54 inches in circuit; the linen-reel is 
90 inches in circuit; the worsted- reel is 30 inches in circuit; 
the ouncAhread-reel is 30 inches in circuit: and a hank of 
this yam is 30 threads. 
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CLOTH MEASURE. 

Inches. 2\ ^ 1 nail. 

9 =: 4 = 1 quarter of a yard. 
36 = i6 = 4 = 1 yard. 
45 = 20 = 5 = I ell. 

The breadth of doth is ascertained by the number of 
inches broad. 

SQUAREj OR SUPERFICIAL MEASURE. 

144 square inches^ or 12 inches multiplied by 12 in. 
= 1 square foot. 

Inches. 1296= 9 = I square yard. 

39204 = 272Ji = 30^ = 1 square perch. 
1568160 = 10890 =1210 = 40 = 1 square rood. 
6272610 = 43560 =4840 = 160 = 4= Isquareacre. 

36 square yards of stone, or brick- work, are termed a rood; 

100 superficial feet^ one square of flooring; 640 acres, cme 

square mile. 

Jl. in. 
The statute perch for measuring land ....=: 16 6 

Tfa^ customary perch in Dorsetshire = 15 1 

Ditto, in Devonshire ... •» =: 15 

Ditto, in Cornwall = 18 

Ditto, in Lancashire = 21 

Ditto, in Cheshire « = 24 

The standard perch in Scotland = 18 6 

Ditto, in Ireland =: 21 

1 60 of such perches respectively make an acre standard or 
customary. 

CUBIC, OR SOLID MEASURE. 

1728 inches make 1 cubic foot. 
46656 inches, or 27 cubic feet = 1 cubic yard. 
40 cubic feet of rough timber \ _ , i . 1 
50 cubic feet of hewn timber j i O' . 
42 cubic feet = 1 ton of shipping. 
24 cubic feet of sand 
1 8 cubic feet of earth V = 1 ton. 
17 cubic feet of clay 
64 cubic feet of fir 






39 cubic feet of oak . . . 

60 cubic feet of elitt f ~- *^^' 
45 cubic feet of ash 
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16 cubic feet of Portland stone 

17 cubic feet of Bath stone 
15 cubic feet of YcH-kshire stone }- = 1 too. 
15^ cubic feet of granite stone 
IS cubic feet of marble 

TIME. 

Seconds. 60 = 1 minute. 

3600 = 60= I hour. 
86400 = 1440 = 24 == 1 day. 
604800 = 10080 = 168 = 7=1 week. 
2419200 = 40320 = 672 = 28 == 4 = 1 month. 

12 calendar months^ or 13 common months and 1 day^ or 
52 weeks and 1 day^ or 365 days, make 1 common year; 
365\ days make 1 Julian year ; 366 days make 1 Bissextile^ 
or leap year. 

The Tropical^ or true Solar year^ as determined by astro- 
nomical observations, is 365 days, 5 hours, 48 minutes and 
48 seconds ; the Julian year is 365 days, 6 hours. The an- 
nual excess of the Julian year is 1] minutes, 12 seconds, 
which in 400 years amounts to 3 days, 2 hours and 40 minutes. 
This is regulated by the Gregorian calendar and the British 
Legislature: so that when a number denoting a complete 
century is not divisible by 4, as the 19th. 21st. 22nd. 23rd. 
25th. and so on, such years should be reckoned common 
years, not leap years. By this regulation the calendar will 
exceed the true Solar year by 2 hours and 40 minutes only 
in 400 years, which is exactly 1 day in 3600 years. 

The Calendar Months, and number of Days in each. 

January, 31 days; February, 28 days, leap year, 29 days; 
March, 31 days; April, 30 days; May, 31 days; June, 30 
days ; July, 31 days ; August, 3 1 days ; September, 30 days ; 
October, 31 days; November, 30 days; December, 31 days. 

7'ke Quarterly terms. 

Lady-day 25th. of March. 

Midsummer 24th. of June. 

M ichaelmas 29th. of September. 

Christmas 25th. of December. 

MOTION. 

Seconds. 60 = 1 minute. 

3600 = 60 = 1 degree. 
108000= 1800 =z 30= 1 sign. 
1296000 = 21600 = 360 = 12 = 1 circle of the Zodiac. 



12 dozen 
12 gross 
SO units 

5 score 

6 score 
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PAPER. 

Sheets. 24 = 1 quire. 

480 ^ 20 = 1 ream. 

960 = 40 = 2 = 1 bundle. 

12 skins of parchment make 1 roU; 72 words, 1 common 
Law folio ; 80 words, 1 Exchequer folio ; 90 words, 1 Chan- 
cery folio j 4 pages, 1 sheet folio ; 8 pages, 1 sheet quarto ; 
16 pages, 1 sheet octavo; 24 pages, 1 sheet duodecimo. 

MISCELLANEOUS INFORMATION* 

12 units • . . = 1 dozen. 

= 1 gross. 

= 1 great gross. 

=^ I score. 

= 1 common hundred. 

=: 1 long hundred. 
12 score of flour = 240 lbs. 
14 score of flour = 280 lbs, 
5 lbs, . . . = 1 stone of glass. 
14 lbs. . . . = I stone, horseman's weight. 
8 lbs. . . . =: 1 stone of wire. 
20 hanks • . = 1 doffing. 

Counts qf yam signify the number of hanks in one pound. 

Hank roving, the same drctft of cotton, the increase in 
length by being drawn through certain parts o£ machinery. 

Stretch, the length of yam delivered from the rollers to the 
spindle end, when the carriage containing the spindles is 
drawn out at full length. 

Stretching is the length the thread is drawn out by the 
carriage after the rollers have ceased to act 

Gaining is the length of yam gained by the carriage moving 
faster than the rollers deliver the yam. 

A set of yam, the number of cops spun on one mule. 

Twist, yam spun for the purpose of making warps, or 
web of cloth. 

We/l, yam not so much twisted as the former, and intended 
for the shuttle. 

Warp, a number of ends of yam, made certain lengths, 
prepared for the loom. 

Blower, the first piece of machinery used for cleansing 
and loosening cotton. 

Carding engine, used for laying the fibres of cotton in 
regular order. 
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Feeding rollers, the rollers which first receive the cotton. 

Main cylinder, the largest in the carding engine, and which 
goes the quickest. 

Doffing cylinder, receives the cotton firom the main cylin- 
der; the cotton is taken from the doffing cylinder by the 
doffer, a comb of steel plate, worked by a crank. 

Delivery rollers, the rollers which deliver cotton from any 
piece of machinery. 

Drawing frame, a frame where several ends of cotton pass 
through rollers and are considerably increased in length. 

Slubbing frame, the cotton passes through roUers on to 
bobbins. 

Jack frame, or roving frame, the machine which prepares 
the cotton for the stretcher or mule, according to the fineness 
of the yam required. 

Stretching frame prepares the yam for the mules; the 
spindles are placed in a carriage, which moves. 

Mule, the last spinning machine, where the yam is formed 
into the cop. 

Throstle, a machine for making twist only, oa small bob- 
bins. 

Reel, the frame for making the yam into leas and hanks. 

Drum, a cylindrical piece of wood or iron, fastened on a 
ehaft, over wnich the strap moves. 

Pulley, a small-sized driun, over which the strap runs to 
turn the machine. 

Warve, a small pulley fastened on a spindle. 

Mendoza wheel, a wheel working with the rollers, and moves 
the carriage by a pulley attached to the wheel. 

Single speed, twists the yam as it is drawn out from the 
rollers. 

Double speed, twists the yam when the rollers have ceased 
to act. 

Stud wheel, receives motion from the front roller, on the 
a^is of which is fixed the altering pinion. 

Altering, or change pinion, gives motion to the back roller ; 
by this pinion the drafts are regulated. 

Twist pulley, has several grooves in it, to regulate the twist 
necessary for the yam. 

Saddle, bridle and lever. The saddle is placed on the 
rollers, the bridle connects the saddle and lever, to which a 
weight is hung, to give the requisite pressure on the rollers 
in drawing out the cotton. 

Three cops out of every set are reeled ; the hanks ^d leas 
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produced ihun each Cop are we^hed by Troy weight ; from 
the average weight the counts or number of hanks of jam in 
the pound Avoirdupois is ascertained. 

RXED8. 

Manchester and Stockport count bv the number of dents 
or teeth in the reed, in 24^ inches. Bolton counts the number 
of warp threads in one inch. A 1400 Scotch reed is equal to 
76 Manchester and Stockport and 46 Bolton. The ratio of 
reeds is 5 to 3 between the Manchester and Stockport and 
the Bolton counts. 

BRICK woRk. 

16 bricks, with the mortar, weigh 112 lbs. and make 1 
cubic foot. 

1000 bricks will build a wall 11^ square yards, 9 inches 
thick, including waste. 

CARPENTRY. 

600 superficial feet of 1 inch plank, or deal 
400 superficial feet of 1^ inch plank, or deal 
300 superficial feet of 2 inch plank, or deal 
240 superficial feet of 2^ inch plank, or deal 
200 superficial feet of 3 inch plank, or deal 
170 superficial feet of 3^ inch plank, or deal 
150 superficial feet of 4 inch plank, or deal^ 

Battens are 7 inches wide. 
Deals are 9 inches wide. 
I^lanks are 1 1 inches wide. 

120 deals, 12 Jl. long, 2 A in. thick, 9 in. wide, each contain- 
ing I ft. 10^ in, solid == 44 loads. 

120 deals, 12 ft. long, 3 in. thick, 9 in. wide, each contain- 
ing 2ft. 3 in, solid = 5f loads. 

24 ten*feet boards, 5 inch guage 

20 ten-teet boards, 6 inch guage 

1 7 ten-feet boards, 7 inch su&se .„ - . , , 
15 ten-feet boards, 8 inch iua|e f ^'" '^•»'* » ""l""* 
13 ten-feet boards, 9 inch guage 
12 ten-feet boards, 10 inch guage ^ 

20 twdvfr-lt boards', 5 

16 twelve-ft. boards, 4fft. superficial, 6 

1 4 twelve-ft. boards, 2 ft. superficial, 7 

12 twelve-ft. boards> 4tft. superficial, 8 

II twelve-ft boards, 1^. superficial, 9 _ _ 
10 twelve-ft. boaida^ .... .10m.gui^ 

b5 



n, guage 
n. guage 
guage 
n. guage 
». guage 



will finish 
1 square. 
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13 twelve-feet deals to 1 square of wrought flooring. 
12^ twelve-feet deals to 1 square of rough boarding. 
] 7 twelve-feet deals to 1 square of wrought boarding. 
85 deals, IS feet long, 2^ inches thick, weigh 1 ton. 

SLATING. 

120 slates make 1 hundred. 

Names. Size, nearly. ^ 

Ji. in, Ji, in. 

Doubles . ... I 2 h J 6 

Ladies 1 3 by 8 

Countess . . • • 1 10 by 11 

Duchess .... 2 2 by 1 3 

Rags and Queens .3 3 by 2 3 

Imperial and Patent 2 8 by 2 2 

1 square of slating = 100 superficial feet, will require of 
Westmoreland slates half a ton ; of Welsh rags, from f of a 
ton to a ton ; of Tavistock slates, about 360 ; of Ladies slates, 
308; of Countess slates, 200; and of Duchess slates, 110. 
The last three will weigh from 6 to 6^ cwL 

PAVING. 

1 ton of paving-stones will average 5^ yards square. 
1 ton of square sets will average 3^ yards square. 

IRON. 

430*25 cubic inches of cast iron 

397*60 cubic inches of bar iron 

368*88 cubic inches of cast brass ^ = 1 cwL 

352*41 cubic inches of cast copper 

372*8 cubic inches of cast lead 

Inch square, 9 feet long, cast iron . . ,1 oq /A 

Inch square, 100 inches long, wrought iron f 
Cohesion of a cubic inch of cast iron = 18000 lbs. 
The weight of cast iron pipes, to leaden pipes of the same 
dimensions, are nearly as 7 to 11. 

WATER. 

Water boils at 212 degrees of Fahrenheit, or 100 degrees 
by the centigrade. 

1 gallon =10 lbs, 

A column of water, 33 feet high, 1 inch square, will press 
with a force of nearly 15 lbs. Another, L foot square, 36 feet 
high, will press with a force of nearly 1 ton. 
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A cast iron pipe^ 15 inches diameter, ^ of an inch thick, is 
sufficient for a head of water 600 feet high. A pipe 1 foot 
long, 1 inch diameter, will discharge 7070 cubic mches of 
water in 1 minute, firom a head of water 4 feet above the pipe. 

AIR. 

One cubic foot of atmospheric air weighs 525 grs, at the 
surface of the earth. 

SOUND. 

Sound passes through 1 142 feet in 1 seccmd of time. 

LIOHT. 

Light passes through 1010771520 feet, or 191434 miles in 
1 second of time ; 1 553 cubic feet of light wei^ 1 gr. 

A TABLE SHOWING THE RELATIVE VALUE OF TROY AND 

AVOIRDUPOIS POUNDS. 

Troy 1 2 S 4 5 

Avoir. 0-823 1-646 2-469 3-291 4-114 

Troy 6 7 8 9 

Avoir. 4-937 5-760 6583 7'406 

Avoir. 12 3 4 5 6 

Troy 1-215 2431 8'6i.6 4-861 6'076 7-29« 

Avoir. 7 8 9 

Troy 8-507 9-722 10-937. 



ARITHMETIC 



Is the science of numbers; it explains their properties and 
the art of computing by them. 

All numbers are expressed by the ten following figures : 
One, or unit, two, three, four, five, six, seven, eight, nine, cipher. 
12 3 45 67 8 9 

Notation is the method of writing down a number in 
figures ; Numeration is the art of reading a number expressed 
in figures. 

A single figure, placed on the right hand of other figures, 
signifies so many units ; in the second place, so many tens ; 
and in the third place, so many hundreds. 

The cipher serves to bring figures to their proper places, 
by supplying vacant places ; thus, 8, eight ; 80, eighty ; 800, 
eight hundred; 850, eight hundred and fifty; 806, eight 
hundred and six. 



•^ylM .iiii 

ESSES He-h g E 

6 7 8. 9 8 7. 6 5 4, 3 S 1 

This table may be extended, as under : 

Nonillions. Octillions. Septillions. Sextillions. Quindllionv. 

897,654 375,486 854,123 375,406 467,589 

Quaibillioni. Trillions. Billion b. Millions. Units. 
859,763 689,754 374,588 764,539 865,478 

Read and niriie in words theJiMowing: 
48, 75, eo, 104, 720, 834, 158, 16, 76, 604, 197. 51*. 

Write inJigUTeM thejbi/oiving: 
Twenty-four; sixty-eight; one hundred and eightj six 
hundred and fbrty-seven; nine hundred and forty-three ; five 
hundred and ten ; three hundred and three. 

When the number consists of more than three places. 
Rule. Divide it fhua the right hand into parcels of three 
figures, by placing a comma at the left hand of the first three, 
a {lerioil nAer thr Mi^xt three, and so on alternately. Then 
b^inning ut the k'lV liand, read each parcel by itself, as be- 
'iote, and call thi' pi'i-iods millions and the commas thousands. 
ThtiB, 42.70(i,S.'i:i. Forty-two millions, seven hundred and 
lix Atmsund, ti^'ht hundred and thirty-five. 
" ExaWplbs. Write or read the following: 8,346; 4,706 

J8,9l'0j 175,64!2; 107,000; 200,500; 300,070; 608,004 
'.S87,6S9 ; 75.8i 9,047 ; 678-954,348 ; 5,407.065,407 
S8,O64^375,500. 

To write a nuinlier in figures- Write down s sufficient 
tMUnber of ciphiTs. aud point them, in order to determine 
tiiirir places; then observe what place every figure in the 
given number ^bmild occupy; erase the cipher there, and 
place the figure in its room. 

> fiO ftofl 
Eighty ttiousaiid, Sy« hundred and fimr. J-io'snl 
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BZAMPLBH. 

Write down in figures six hundred and forty-eight ; two 
thousand and one; thirty-five tliousand and twenty-e^ht; 
three hundred and twenty-six thousand ; two hundred uou- 
sand^ six hundred and four. 

EXERCISES. 

(1) A year contains three hundred and stxty-five days; 
put the same down in figures. 

(2) The world was created four thousand and four yean 
before the birth of Christ ; express the same in figures. 

(3) The Deluge happened in the year of the world 2,3^8 ; 
write the same in words. 

(4) William the Fourth ascended the English throne in 
1830 ; write the same in words. 

(5) A rood of land contains ten thousand^ eight hundred 
and ninety feet; write the same in figures. 

(6) There are 40S20 minutes in one month ; write the 
same in words. 

(7) Thirty-one millions, five hundred and fifly-six thou- 
sand, nine hundred and twenty-eight seconds, make one solar 
year; put the same down in figures. 

(8) There are one hundred and ninety thousand, and 
eighty barley corns in one mile ; write the same in figures. 

(9) There are 5322240 inches in one pound of No. one 
hundred and seventy-six hanks yam; write the same in 
words. 

(10) Ten millions, four hundred and thirty-two thousand 
inches are contained in one pound of No. 345 hanks yam ; 
put the same in figures. 

(11) The popuhtion of Manchester, in 1831, amounted to 
142026; write the same in words. 

(12) The earth is computed to be ninety-five millions of 
miles from the sun ; put the same down in figures. 

(13) The circumference of the earth is 1,603.745,280 
inches ; write the same in words. 

( 1 4) There are 73.334,400 acres of land in England ; write 
the same in word& 
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ADDITION. 

Addition is the method of finding one number equal to two 
or more numbers. The number found is called the sum. 

Rule. Begin at the right hand^ write the figures of the 
given numb^s below one another, in their order, so that the 
vacancies, if any, may &I1 on tlie left side. 

Draw a line under the number ; add up the right hand 
column ; and if the sum be one figure, write it under the 
added column; but if it consists of two figures, write only 
the right hand figure under the column, and carry the other 
to the next column. 

Add all the other columns in the same manner, and under 
the left hand column write down the full sum. 

Proof. Repeat the operation, beginning at the top; or, 
add first so many of the given numbers, and to the sum add 
the rest. 

Addition and Subtraction Table. 



12 3 


4 


5 


6 


7 


8 9 


43856 


2 4, 5 


6 


7 


8 


9 


10 11 


8O794 


3 5 6 


7 


8 


9 


10 


11 12 


65807 


4 6 7 


8 


9 


10 


U 


12 13 


59470 


5 7 8 


9 


10 


11 


12 


13 14 


73845 


6 8 9 


10 


11 


12 


13 


14 15 


90786 


7 9 10 


11 


12 


13 


14 


15 16 


85064 


8 10 11 


12 


13 


14 


15 


i6 17 


499622 


9 11 12 


13 


14 


15 


16 


17 18 




(1) 529374 








(2) 89704 


(3) 13507 


487563 










7850 


2759 


806759 










45673 


364 


695473 










296 


89073 


836795 










4785 


5682 


384506 










98432 


73456 


460370 










4075 


928 


(4) 843297 








(5) 


1 


(6) 6804 


564,35 










43 


79365 


8796 










568 


40570 


473 










4839 


8394 


58 










76584 


56073 


694 










8376 


947 


76587 










39842 


62389 
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(7) 4859 + 765432 + 7489 + 4080 + 75832 + 56073 + 
94760 + 327 + 59478 + 3284 = 

(8) 947365 + 207 + 59*43 + 29456 + 7654 + 12345678 
+ 9874 + 32579 + 4004 =3 

(9) 6584732 + 480765 + 54869 + 4607 +403078 +93205 
+ 7694562s = 

(10) 23 + 475 + 948760 + 37546 + 5074 + 29865432 
+ 7S694 + 62796 + S7594 = 

EXERCISES IN ADDITION. 

(1) One year contains 12 calendar months ; the names and 
number of days assigned to each are as follow : January, 31 
days; February, 28* days ; March, 31 days; April, 30 days. 
May, 31 days; June, 30 days; July, 31 clays; August, 31 
days; September, 30davs; October, 31 days; November, 
30 days ; December, 3 1 days. How many days in a year ? 

(2) Iron was found in Greece, from the accidental burning 
of the woods, 1406 years before Christ How many years is 
it since, this being 1833. 

(3) Julius Csesar made his first expedition into Great 
Britain 52 years before the birth of Christ ; St. Paul intro- 
duced Christianity in this island 6S years after the birth of 
Christ ; the power o€ the Popes commenced 543 years after, 
being 29O years before the reign of Alfred the Great, which 
was 1 70 years before the battle of Hastings, between Harold 
and William the Conqueror. How many years from the in- 
vasion by Julius Csesar to the battle of Hastings ? 

(4) The art of printing with wooden t3rpes was invented 
by Laurentius, of Haerlem, in 1430. Thirty years after, en- 
graving and etching on copper was invented ; this was 6I 
years before the first English edition of the Bible was autho- 
rized to be made, and 72 years were occupied in the transla- 
tion. What year of our Lord was the translation of the Bible 
completed ? 

(5) The present method of calculating the year was insti- 
tuted by Pope Gregory, in 1582, but was not adopted in 
England until 170 years after. What was the year? 

(6) The first artificial globe was constructed by Anaximan- 
der, a philosopher of Miletus, 6 10 years before Christ; and 
maps were first brought to England in the year 1489. How 
many years elapsed from the first construction of globes to 
the introduction of maps into England ? 



* In leap year February has 29 days. 
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(7) Euclid, the astronomer, flourished 277 years before 
Christ: and Sir Isaac Newton was born in the year l64S* 
How many years from the time of Euclid to that of Sir Isaac 
Newton ? 

(8) From the Creation, to the departure from Egypt, was 
25 1 3 years ; thence to the building of Solomon's temple, 487 ; 
to the Jewish captivity, 398; to their return, 70; to the 
Christian era, 536; to tjie revolution, l688 ; to the present 
year,* 1 45. Required the time from the Creation. 

(9) How many days from the 1st. of January, 1832, to the 
£8th« of July in the same year ? 

(10) Received from A. eight hundred and seventy-eight 
pounds ; from B, three thousand ; from C. sixty-four ; from 
D. six hundred and one ; from K eleven thousand, eleven 
hundred and eleven; from F. ten thousand, two hundred 
and seven ; from G. four hundred and seventy-eight pounds. 
How much did I receive in all ? 

(11) From Manchester to Stockport is 6 miles; from 
Stockport to Macclesfield, 13; from Macclesfield to Leek, 
13; from Leek to Ashboum, 17; from Ashboum to Derby, 
13 miles. Required the distance from Manchester to Derby. 

(12) Bought 104 bundles of twenty hanks (wist; 176^ 
twenty-two hanks; 260, twenty-four's; 89> twenty-six's; 
304, twenty-eight's ; 289» thirty's* How many bundles iri 
the whole ? 



SUBTRACTION. 



Subtraction is the method of finding the difference of two 
numbers, by taking the less from the greater. 

The greater number is called the Minuend; the less, the 
Subtrahend; and the number found is called the Difference, 
or Remaitider, 

Rule. Place the less number below the other, and draw 
a line under it. Commence at the right hand; take each 
figure in the low«r line from that above it, and set down the 
remainder under it. If the upper figure be less than the 
under, take the under figure from ten, and to the remainder 
add the upper figure; carry one to the next lower Hgwte, 
with which proceed as before. 



PRACTICAL ABITHMETIC. 



17 



Proof. If the work be right, the sum cf the Subtrahend 
and Remainder will be equal to the Minuend. 

From 85476 minuend. 
Take 48793 subtrahend. 

3668^ remainder. 



(1) 258392417 
235430765 

(4) 30076945 
96978 

(7) 12347689 
856798 

(10) 94286730 
S2 199739 

(IS) 10042793 
9941876 



8547 6 Proof. 

(2) 4073645 
2857849 

(5) 9876043 
9787062 

(8) 4709365 
2036748 

(11) 8111118 
16OO8O9 

(14) 2449734 
1742693 

EXERCISES. 



(3) 11 3407694 
28604978 

(6) I8O49627 
18038798 

(9) 170909009 
24710905 

(12) 111347640 

3869^8 

(15) 30921098 
1870J89 



(1) By a late census, the population of the parish of Man- 
chester amounts to 232578 ; and that of the township amounts 
to 142026. How much does the parish population exceed 
the township ? 

(2) Although glass was invented in England in 664, yet 
it only began to be used in windows in 1180. How many 
years elapsed from its discovery to its use in windows? 

(3) It is now (1833^ 493 years since painting in oil was 
first made use of, by John Vaneck. What was the year ? 

{4) It is now 531 years since gunpowder was invented, 
t^ one Swartz, of Cologne. Required the year of our Lord, 

(5) Coals were first brought to London in the year 1357* 
How many years is it since ? 

(6) Borrowed from A 407; firom £ 126; from C 359; 
from D 84; from E 70. Paid A 99; B75; CIO8; D 27; 
E 36, How much remains to pay ? 

(7) Paper was originally made of cotton rags ; and the 
first English manufactory of it was establishecl at Dartford, 
in Kent, in 1588. Glass was invented in England^ by a 
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Monk^ in 664. How many years elapsed from the discovery 
of glass to paper^making at Dartford ? 

(8) What is the difference between one million and 1 10479 ? 

(9) Required answers to the following; 26073 — 9^76; 
103470 — 48937 ; and 38764 — 38695. 

(10) A person collected as follow: from A £l4>3 — 47- ; 
B £204 — 65.; C £300 — 109.; D £436 — 298. How 
much did he collect from each person ? 

(11) Received in rents £l26. -f £79- + £38. and paid in 
chief rent and repairs £l 74. — £95. What is the nett amount 
of receipts ? 

(12) How much does fourteen thousand and four want of 
twenty-one thousand ? 



MULTIPLICATION. 



1 

2 
3 
4 
5 
6 

7 
8 

9 
10 

11 
12 



2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


4 


6 


8 


10 


12 


14 


16 


18 


20 


22 


24 


6 


9 


12 


15 


18 


21 


24 


27 


30 


33 


36 


8 


12 


16 


20 


24 


28 


32 


36 


40 


44 


48 


10 


15 


20 


25 


30 


35 


40 


45 


50 


55 


60 


12 


18 


24 


30 


36 


42 


48 


54 


60 


66 


72 


14 


21 


28 


35 


42 


49 


56 


63 


70 


77 


84 


16 


24 


32 


40 


48 


56 


64 


72 


80 


88 


96 


18 


27 


36 


45 


54 


63 


72 


81 


90 


99 


108 


20 


30 


40 


50 


60 


70 


80 


90 


100 


110 


120 


22 


33 


44 


55 


66 


77 


88 


99 


110 


121 


132 


24 


36 


48 


60 


72 


84 


96 


108 


120 


132 


144 



Multiplication is the method of finding the amount of a 
number repeated as many times as there are units in another 
number. 

The two numbers are called Factors; the first the Multu 
plicand, the other the MuUipUer ; and the amount is called 
the Product. 

Rule. Place the Multiplier under the Multiplicand, and 
draw a line below. Multiply the right hand figure of the 
Multiplicand by that of the Multiplier ; write the right hand 
figure of the Product below^ and carry the second figure to 
the next Product. In like manner^ multiply every figure of 
the Multiplicand by this figure of Uie Multiplier. 

Where the Multiplier consists o£ several figures, multiply 
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in the same manner by each of them, taking care to write 
the right hand figure of each of the Products directly under 
the figure of the Multiplier which produces it. 

Add the lines thus produced, and the sum will be the 
product required. 

Note. To multiply by 10, 100, 1000, &c. annex ciphers to the 
Multiplicand. 

2. When there are ciphers annexed to either, or both Factors, 
multiply by the figures, and annex the ciphers to the Product. 

Proof. Make the Multiplicand the Multiplier, and the 
Multiplier the Multiplicand, and repeat the operation ; the 
Product should be the same as before. 

EXAMPLKS. 

Multiply 876093456738487 by 4, 5, 6, 7, 8, 9, 10, 11, 12. 



(1) 84790632 X 22. 

(2) 60975843 X 34. 
7S4O090i X 47. 

9485379 X 59. 
3478596 X 68. 
2875943 X 76. 
5463759 X 87. 
3459376 X 100. 
8594863 X 406. 
4785932 X 610. 
4893546 X 726. 



(3) 
(4) 

(^) 
(6) 

(7) 

(8) 

(9) 

(10) 

(11) 



fi 



3 
14 

(15 

(16 

(17 
(18 

(19 
(20 
(21 
(22 
(23 
(24 



J^A,96oa A 04963. 

6004379 X 9430. 

438900 X 78080. 

586540 X 46700. 
9658730 X 80000. 
8745639 X 14963. 
1342579 X 87600. 

640795 X 9307. 

850304 X 5060. 

948627 X 1^2345. 

548593 X 5423. 

469843 X 469843. 



(12) 91463897 X 4875. 

Rule. When the Multiplier is the Product of any two or 
more Factors, none of which exceeds 12, multiply succes- 
sively by these Factors. 



(1) 7896437 X 15. 

(2) 8417653 X 24. 

(3) 934/6803 X 32. 

(4) 7385496 X 54. 

(5) 487596 X 48. 

(6) 897146 X 72. 



(7) 956784 X 81. 

(8) 649538 X 88. 

(9) 7209864 X 96. 

(10) 8765940 X 108. 

(11) 3572635 X 112. 

(12) 4839786 X 168. 



EXERCISES, 



(1 ) How many farthings are there in 240 pence ? 

(2) How many pence in 20 shillings ? 

(3) How many strokes does the hammer of a clock strike, 
in a year of 365 days, at 156 strokes in a day ? 
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dend. Or, sabtract the Remainder finom tibe Dividend^ and 
divide by Uie Quotient ; then the new Qaotient should be 
the DiviMMT. Or, add the Remainder and all the partial 
Products, retaining the places in which thej stand in the 
operation^ the sum is the Dividend. 



(1) 23)63758946. 

(2) 19)48359847- 

(3) 17)12345678. 

(4) 29)8476593. 

(5) 38)20730048. 

(6) 47)32780350. 

(7) 59)83749638. 

(8) 68)54863752. 



(9) 87)59476348. 

10) 94)6785943& 

11) 123)65987635. 

12) 278)34759630. 

13) 397)278^438. 

14) 5486)18675943. 

15) 8943)37800764. 

16) 9876)48394760. 



EXERCISES. 



(1) There are 1000 ounces in a cubical foot of water. How 
many pounds of l6 ounces each^ are there? 

(2) There are 30240 inches in one hank of cotton yam. 
How many yards of 36 inches each ? 

(3) How many stretches of 54 indies each, in one hank of 
yam containing 30240 inches ? 

(4) In 2160000 inches of linoi yam, how many threads 
of 90 inches each ? 

(5) What number multiplied by 49 will produce 18375 ? 

(6) Suppose 1 lease 780 square yards of lauid to build upon, 
the front di which is 20 yards. How many yards in depth 
must be fenced out to make up the exact complement of 
square yards ? 

(7) In a set of yam weighing 6 lbs. and containing 1920 
hanks ; how many hanks in one pound ? 

(8) What will be the counts of a set of yam containing 
1480 hanks, and weighing 5 U>s. ? 

(9) A cubical foot of air weighs one ounce and a quarter ; 
how many pounds avoirdupois does a room contain, 12 feet 
high, 16 feet wide and 20 feet long? 

(10) How many warp threads of 120 yards each, can be 
made from 302400 yards of twist ? 

(11) How many hanks of yam 840 yards each, are con- 
tained in 604800 yards ? 

(12) How many miles is a person at Manchester carried 
eastward in an hour in consequence of the earth's diurnal 
revolution, supposing it performed in 24 hours, and that the 
parallel of Mandiester is 14952 miles ? 
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(13) Supposing the number of persons alive at once upon 
the earth to be twelve hundred and fifty-four millions^ and 
one out of 33 die annually, how many deaths happen in a 
year? 

SUPPLEMENT TO MULTIPLICATION AND DIVISION. 

1. When the Multiplier contains a fraction. 

First multiply by the upper figure of the fraction, and di- 
vide by the under figure ; then multiply by the integer, and 
add the product to the Quotient 

Note. For J take 4, and 1 of that half; for | take i, aiid i of that 
quarter ; and tor { take i, and \ of that half. 



(1) 6484X3A. 

(2) S4>S8x5^r> 

Is) 56l6x6|. 
(4) 798X8|. 



(5) 875X5}. 

(6) 458X7*. 

(7) 6834X9^. 

(8) 9543Xllf 



(9) 4736X128. 

(10) 3485XI0|. 

(11) 4836x8. 

(12) 9436x4/g. 



2. To Divide when the Divisor contains a fraction. 

Multiply both the Dividend and Divisor by the under 
figure of the fraction, taking in the upper figure to the pro- 
duct of the Divisor ; then divide. 



(1) 2^)47856. 

(2) 5i)59648. 

(3) 6|)84376. 



(4) 7J)9847S. 

(5) 88)35946. 

(6) 91)38759. 



(7) 28g)94863. 

(8) 365Y)5879S4f. 

(9) 291)876923. 



contractions IN MULTIPLICATION AND DIVISION. 

1. To multiply by 5 ; annex a cipher to the Multiplicand, 
and divide by 2. 

2. To multiply by 15; proceed in the same way and then 
add the Quotient to the Dividend. 

3. To multiply by 25 ; annex two ciphers to the Multipli- 
cand, and divide by 4. 

4. To multiply by 75 ; proceed in the same way and then 
subtract the Quotient from the Dividend. 



(1) 48753X5. 

(2) 58794^X50. 

(3) 87385x500 

(4) 68947X15. 



(9) 6759X75. 

(10) 794.8X750. 

(11) 8453X2500. 

(12) 12345X7500. 



(5) 34509X150. 

(6) 75038X1500. 

(7) 89734x25. 

(8) 27854X250. 

5. To multiply by any number between 1 and 20 ; mul- 
tiply by the Units and add in the back figure. 

6. To multiply by any number between 100 and J 10; 
multiply by the Units and take in the second back figure. 
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7, To multiply by any number between 110 uid 120 
multiply by the Units and take in the two back figures. 



I) 4786x13. 
;«) 8754X17. 
[3) 7856x14. 



(7) 31416x119. 

(8) 8597X113. 

(9) 6748x106. 



(4) 5496x104. 

(5) 2573X107. 

(6) 4395X114. 

8. To multiply by a number consisting entirely of Units ; 
add together as many figures of the Multiplicand as there are 
Units, as in the preceding. 

9* To multiply by a number consisting of the same figure ; 
find the product by as many Units, and multiply it by that 
figure. 

10. To multiply by a number of nines; annex as many 
ciphers to the Multiplicand, then subtract the Multiplicand. 



(1) 7854x111. 
;2) 8976X1111. 
3) 487X444. 
;4) 598X66. 



(9) 7489X9999. 

(10) 635SX555. 

(11) 8973x99999. 

(12) 6478x333. 



(5) 9085X777. 

(6) 4763X99. 

(7) 8394X999. 

(8) 3584X888. 

• 11. After finding a line of the Product, other lines may be 
found by adding or subtracting the Multiplicand, or by mul- 
tiplying the line found, thus to multiply by 89 ; multiply by 
8, and for the Product by 9 add the line found to the Multi- 

Slioand. To multiply by 287 ; multiply by 7 and the Pro- 
uct by 4 for the sum of the other two lines. 



(1) 47536x48164. 

(2) 59387x72246. 

(3) 56473X1728. 



(7) 28407X96328. 

(8) 12345x1502.55. 

(9) 47356x75255. 



(4) 48.07X84287. 

(5) 6735x64164. 

(6) 4538x56147. 

12. To divide by 5; multiply by 2 and divide by 10* 
And in every case in which the Unit's place is 5 the operation 
may be shortened by multiplying both Divisor and Dividend 
by 2, 4, 8, &c. and then dividing the Products. 



(1) 5)473025. 

(2) 15)895632. 

(3) 25)48739. 

(4) 35)64387. 



(9) 250)784396. 

(10) 750)468972. 

(11) 155)830473. 

(12) 45)496827. 



(5) 75)98765. 

(6) 55)48337. 

(7) 125)79643. 

(8) 425)30000. 

13. The operation may also be shortened by dividing the 
Divisor and Dividend by any number which divides both 
without a remainder. Thus, to divide 287496 by 576 ; divide 
both by 6 and they become 47916 by 96. 

^46)1 44886936( 369)50243409( 81 9) 5493532 59( 

14. To divide by a number consisting of nines: from the 
light of the Dividend point off as many figures as there an 
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nines, then write the figures not cut off below it, cutting off 
and writing in the same manner till all the figures are cut off; 
then add, and the figures cut off make the Remainder, and 
those not cut off the Quotient. 

999)473586476 9999)485763257 

99999)83457685946 

15. The operation may always be contracted by subtract- 
ing the figures of the product as they arise in multiplying, 
and writing down only the Remainder. 

16. The operation may be rendered very easy, by makinff 
a table of the Divisor multiplied by the nine digits, by which 
means the figure to be put in the Quotient and the rroduct 
to be subtracted, are seen by inspecting the table. 

347)859638. 2438)95763275. 

4586)1234567. 6789)35786423. 

75439)48576938425. 



REDUCTION 



Teaches to change one denomination into another without 
altering its value, and is performed by multiplication and 
division* 

Rule. To bring a greater name into a less — Multiply. 
To bring a less name into a greater — Divide. 
Always multiply and divide by tlie number of times the 
less name is contained in the greater. 

EXAMPLES. 

(1) In £3768. how many shillings, pence and farthings ? 

(2) In 4873 crowns, now many sixpences and three* 
pences? 

(3) In £5486. how many crowns and sixpences. 

(4) In £l24..17*«9« how many pence and farthings ? 

(5) In 18«. 0^. how many farthings? 

(6) In £l024..15..7f. how many farthings ? 

(1) In 361728O &rthings, how many pounds? 

(2) In 97460 three-pences, how many crowns ? 

(3) In 219440 sixpences, how many crosvns and pounds ? 

(4) In 1 19892 farthings, how many pence, shilhngs and 
pounds ? 

(5) In 866 Nothings, how many shillings ? 
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(6) In 98S791 farthings, how many shillings and pounds? 

Rule 2. When one of the Denominations is not contained 
exactly in the other, bring doivn the given number to a name 
which is contained exactly in that required ; then bring it up 

the required name. 

EXAMPLES. 

(1) In 4768 guineas, how many crowns and pounds ? 

(2) In £41978. how many crowns, shillings and guineas? 
{3) In 57800 crowns^ how many pounds, shillings and 

guineas ? 

(4) In £1 784. how many crowns, half-crowns and shillings^ 
and of each an equal number ? 

(5) How many pounds troy, are there in a million of 
grains? 

(6) In 484 lbs, 11 oz. I9 dwts. 23 grs. how many grains? 

(7) In 7000 grains, how many pennyweights, ounces and 
pounds ? 

(8) In one pound, how many grains ? 

(9) In 46O8O dfvts, how many ounces and pounds ? 

(10) In 11 02. 23 grs. how many grains? 

(11) In 16 lbs, 3 dwts, how many grains? 

(12) In 68394 dwts. how many ounces and pounds ? 

(13) In 4759673 grains, how many pennyweights, ounces 
and pounds ? 

(14) In 8594763 grains, how many ounces? 

(15) In 4733594 ounces, how many pounds? 

(16) In 12345678 grains, how many pounds? 

(17) In one ton, how many hundreds, quarters, pounds, 
ounces and drams ? 

(18) In 24 tons, 16 cwts. 2 qrs. 15 Ws, 9 oz. 14 drs. how 
many drams ? 

(19) In 32 cwts, 3 Ws, 15 drs, how many drams? 

(20) In 2 tonsy 3 qrs. I6 lbs, how many ounces ? 

(21) In 25 Ihs. 12 drs, how many drams ? 

(22) In 12 tons, 14 oz. how many ounces? 

(23) In 49687325 ounces, how many pounds, quarters, 
hundreds and tons ? 

(24) In 4865392 drams, how many ounces, pounds, quarters 
and himdreds ? 

(25) In 8947568 ounces, how many pounds and quarters? 

(26) In 647895 drams, how many ounces and pounds ? 

(27) In 8594367 drams, how many tons ? 
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(28) In 1 pound, how many ounces, drams, scruples and 
grains? 

(29) In 438 pounds, 18 grains, how many grains? 

(30) In 276 pounds, 9 ounces, how many scruples ? 

(31) In 43567 scruples, how many pounds? 

(32) In 84936 grains, how many pounds ? 

(33) In 954736 drams, how many pounds ? 

(34) In 248 yards, 3 quarters, how many nails ? 
{35) In 20704 yards, 2 quarters, how many inches ? 

(36) In 6 yards, 2 quarters, 3 nails, how many half nails ? 

(37) In 86:52 nails, how many yards? 

(38) In 547968 inches, how many yards ? 
{39) In 74586 ells, how many yards ? 

(40) In 43759 yards, how many ells ? 

(41) In 12345 quarters, how many ells? 

(42) In 1 hank, how many leas, threads and inches ? 

(43) In 27 hanks, 4 leas, 56 threads, how many inches ? 

(44) In 745068 inches, how many threads, leas and hanks ? 

(45) In 5496735 threads, how many hanks ? 

(46) In 43876 hanks, how many leas? 

(47) In 6458694 leas, how many hanks ? 

(48) In 75946735 inches, how many hanks ? 

(49) In 1 bundle of linen yam, how many slips, leas, 
threads, yards and inches ? 

(50) In 30 slips, how many leas, threads and yards ? 

(51) In 4 bundles, I6 slips and 18 threads, how many 
threads? 

(52) In 6 bundles, 8 leas, how many yards ? 

(55) In 43275 leas, how many bundles ? 
(54) In 753946 threads, how many slips ? 

{55) In 78493758694 inches, how many bundles ? 

(56) In 5947865 yards, how many slips ? 

(57) In a cotton warp 120 yards long, 2520 ends, how 
many hanks ? 

(58) In 10886400 inches of yam, what length of a warp 
may be made containing 2l60 ends ? 

(59) What length of a warp in yards, containing 1800 
ends, may be made from 246 hanks, 3 leas of twist ? 

(60) A warp containing 3360 ends and 80 yards long, how 
many hanks ? 

(61) 360 hanks are made into a warp containing 2520 
threads, required the length in yards ? 

(62) In one hank of worsted, how many inches ? 
(68) In 43 hanks of worsted, how many inches ? 
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(64>) In S7 hanks^ 3 leas, 46 threads^ 18 incbes, how many 
inches ? 

(65) In 12345678 inches, how many hanks? 

(66) In 463594 threads, how many leas and hanks ? 
(6?) In 548634 hanks, how many leas ? 

(68) In 473692 leas, how many hanks ? 

(69) In 6487596 inches, how many threads, leas and 
hanks? 

(70) In 1 league, how many miles, furlongs, poles, yards, 
inches and barley-corns ? 

(71) In 4 leagues, 2 miles, 7 furlongs, 9 inches, how many 
barley-corns ? 

(72) In 569473865 barley-corns, how many miles ? 

(73) In 865941'] 3S6 yards, how many leagues? 

(74) In 38947365 inches, how many miles ? 

(75) In S65 acres, how many roods and perches ? 

(76) In 1 44 acres, 3 roods, 24 perches, how many perches ? 

(77) In 278 acres, 32 perches, how many yards ? 

(78) In 54786943 perches, how many roods ? 

(79) In 4389546 perches, how many acres ? 

(80) In 5738459 yards, how many perches and roods ? 

(81) In 1 square yard, how many feet and inches ? 

(82) In 287 yards, 8 feet, 132 inches, how many inches? 

(83) In 26 yards, 42 inches, how many inches ? 

(84) In 347694 inches, how many feet ? 

(85) In 12345678 inches, how many yards ? 

(86) In one solid yard, how many feet and inches? 

(87) In 43765947 inches, how many feet and yards solid ? 

(88) In 9 pipes, how many gallons and pints ? 

(89) In 6 tuns, 1 hogshead, 17 gallons, how many quarts? 

(90) In 432 butts of wine, how many pints ? 

(91) In 64 hogsheads, how many quarts ? 

(92) In 3768 quarts, how many barrels ? 

(93) In 48 quarters, 3 pecks, how many quarts ? 

(94) In 386944 gallons, how many quarters ? 

(95) In 24 quarters, 6 bushels, 3 pecks, 1 gallon, 3 quarts, 
1 pint, how many pints ? 

(96) In 487356 pints, how many quarteifs ? 

(97) In one year consisting of 365 days, 5 hours, 48 min- 
utes and 49 seconds, how many seconds ? 

(98) How many days from the 24th. of May to the 24th. 
of November ? 

(99) How many days from the 25th. of March to the 24th. 
of June ? 
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( 100) How many days from the 25th. of December to the 
25th. of March in leap year? 

(101) The pressuie of air upon a person of moderate size 
is said to be about 824000 pounds^ how many tons ? 



COMPOUND ADDITION. 



Arrange the numbers so that those of the same denomina- 
tion may stand directly under each other, and draw a line 
under them. — Add the numbers in the lowest denomination 
together and find how many Units of the next higher denom- 
ination are contained in ^eir sum. Write down the Re- 
mainder, and carry the Units to the next higher denomination, 
and proceed so to the end. 



£. s. d, 

(1) 42 16 9 

37 15 11 

73 9 9 

62 10 6 

29 4 3 

19 15 7 



£. s. d. 

(2) 84 17 6 

93 8 10 

3 15 

25 10 

42 6 



7i 
8 

SO 19 li| 



£• s» d, 

(S) 124 15 8J 

20() 9 3 

73 91 

290 19 10 

3 8 6| 

84 17 0| 



(1) ^S495..14..9. + £S76.A3..8i. + £l000..19..11|. -h 
£27..6..7i. + f 2867..0..9i. + £6090..12..3f . 

(2) £998..4..0i. + £1234..16..7|. + iJ56.. 1 7-. 11^. -|- 
f 8OO..9..O. -f £230..0..11i. -f £6758..l5..10i. 

(3) ie5768..19..0|. + £l006..8..6i. + £365..14..8i. -f- 
£27..l6..3. -f f0..l7..9i- +£2765..l7..5i. 

lbs. oz, dfvt.gr, 
58 11 15 23 

47 3 5 19 9^ S 

87 

36 17 

127 15 

4 9 



8 10 16 8 

26 12 

6 7 13 14 

9 19 17 



lbs. oz. drs. sc. gr, 
47 11 7 2 19 
94 10 6 2 
74 10 4 1 12 
69 2 1 



tons. cwt. qrs. lbs. oz. dr. 
305 14 3 27 15 15 
16 9 14 

2 12 10 9 
10 6 4 

3 9 8 7 
2 3 12 



I 



20 9 

17 8 



3 
5 



1 14 

17 



^ds. qrs. tiL 
434 3 3 



107 1 
36 


64 



3 
1 



2 
2 
1 
3 



276 2 2 



30 



A SYSTEM OF 



hankf. leas, ikrs. inckes, 

2^7 6 79 53 

1078 5 64 26 

546 3. 32 

850 6 58 29 

673 3 49 26 

85 74 20 



Worsted 

hks. I. tk. in, 

286 6 79 35 

43 5 64 26 



592 

487 



3 
5 



56 18 
73 19 



104 3 18 
5 4 27 32 



a. 


r. 


P- 


640 


3 


36 


27 





26 


286 


3 


5 


104 


2 


19 


8 


1 


14 


39 





6 



28 8 

19 3 
4 



27 
16 

17 



6 
5 

2 



^rj. bu» pec, gal. 



87 
4 

87 




7 
3 
6 
3 



3 1 

2 
1 

3 1 



43 3 
56 2 1 1 



bundles, slips, leas. tkr. inckes* 

240 19 9 119 89 
7 
6 
4 
8 
3 



3476 18 

108 

59 17 

1000 5 



no 65 

100 30 



86 

7 



9 
46 



589 14 



50 27 



lea, m. fur, p, yds, ft, in, be, 
476 2 7 39' 4 '2 11 2 
24 2 
6 



tn, 

143 

127 

6 

94 

73 

26 



yrs. 
1831 

1790 

864 

4586 

57 
126 



1 
2 



300 

10 

8 2 
100 

97 2 



6 
3 
5 
6 
4 



2 1 



9 

7 



19 3 10 



1 
2 
1 



921 00 

32 2 61 



tuns, kkds, gal, qt, p, 
706 3 62 



384 2 58 

145 7 

4 3 46 

375 2 



3 
2 

1 

27 3 



82 4 



1 
O 
1 


1 
1 



971. W, d. 



11 

8 
5 

3 
9 



3 6 
2 4 



1 
2 




3 
5 
5 



A. 991. 

23 59 

19 40 

15 24 



10 
9 



9 
4 



2 2 21 35 



59 

27 

16 

8 

7 
10 



EXERCISES. 

f 1) A person borrowed a certain sum of money and hav- 
ing paid in part thereof £502..5..6^. the remainder to pay is 
£i>0..13..3f. Required the sum borrowed? 

(2) The deluge, or Noah's flood, happened 2356 years before 
Christ, how long is that ago, this present year 1 833 ? 

(3) A owes to B £384..l6..9i. to C ^103..19..0|. to D 
£2(L^.,U{. toEl8s,^d, to JP £207..0..8i. to G£l20..9..4i. 
to H £98..5..6i. How much does A owe in the whole ? 
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(4) Bought 6 bags of cotton, weight as follow, S cwL 1 qr, 
15 Wm, S cwt. qrs, 22 Ihs. 3 cwL 2 qra. 9 lb, 3 cwt. qr 
17 lbs. 2 cft^/ 2 ^«. 25 /ft#. 3 civ/. 3 qrs, 14k M«. Requiret. 
the whole weight. 

(5) Paid to my Banker the following Bills, £l449..11..5. 
£2000..0..0. £449..17..6. £946..1..9. £556..10..10. 
£946..1..9. £l567..12..8. £833..6\.8. How much ui the 
whole ? 

(6) Bought 6 ends super black cloth, each 22 yards ; 9 
ends blue, each 26 yards ; 8 ends brown, each 24^ yards ; 5 
ends olive, oach 21 yards ; f) ends brown, 24 yards each; 4 
ends claret, 19 yards each ; how much in the whole ? 

(7) The great bell at Moscow (the largest in the world) is 
said to weigh 198 Urns, 2 cwt. In the city of Pekui there is 
one said to weigh 120000 lbs. The great bell at Oxford, the 
heaviest in England, weighs 7 tonsy 1 1 cwt, 3 ars, 4 lbs, St. 
Paul's bell, London, 4 tons, l6 cwt, 3 qrs, 18 tbs. Required 
the burdoi of a ship capable of conveying their united weight 
from one place to another ? 

(8) Number up the twelve Tribes of Israel (of those that 
were 20 years old and upwards able to go to war) mentioned 
in the 2Dth chapter of N&mbers ? 

(9) Find how many years it was from the creation of 
Adam, to the universal deluge in the days of Noah, called 
Noah's flood, by the .0th. diapter, and 6ta. verse of the 7th. 
chapter of Genesis ? 

(10) The ten commandments were delivered to Moses 1491 
years before Christ, how long is that since, this being a. d. 
1833? 

(11) A youth having served 3 years, 7 months, 2 weeks, 
5 days, 13 hours, found he had 2 years, 10 months, 1 week, 
1 day, 11 hours to serve, how long did he engage for at first? 



COMPOUND SUBTRACTION. 

Rule. Write like names under one another. Begin at the 
right hand, and Subtract each number of the under line from 
that of the like name in the upper; but if it be too great 
SubtnuTt it from the value of the next higher name, add the 
Remainder to the upper number and write the sum below, 
and in this case carry one to the under figure of the next 
name. 
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From 
Take 



£, s, d, 
684 14 11 
253 8 5 



£.. s. d» 

10476 8 4^ 

689 4 7 



£. 

Borrowed 5976 
Paid 846 

£. s. 
Lent 1000 10 
Received 1 01 9 


s. d. 
3 8 

5 7 

d. 
10 


Ufs, oz. dwL gr, 

1547 6 9 20 

608 9 11 23 

^ds, qrs. n. 

107 2 2 

96 2 8 





156*94 
156^3 19 


d. 



llf 


30076 13 
189 13 


d, 

6 

7 



/o»f J cwL qrs, lbs. oz, drs, 
489 14 2 26 12 10 
190 17 3 26 IS 14. 



kks, leas tkr. 


in. 


576 


3 


48 


27 


298 


6 


54 


39 



6<f^. slips, leas, thr, in. 

3685 14 8 100 84 

947 17 9 47 89 



Worsted 




hks. I, 


Ihr. in. 


4835 


74 14 


97 4 


78 82 



m. 


>. 


;'• 


yd. ft. 


tn. 


131 


4 


8 


2 


2 


10 


117 


4 


13 


3 


2 


11 



ff. 


r. 


P' 


.y- 


47 


2 


34^ 


4 


39 


3 


10 


5 



33 1 42 6 
23 3 51 3 



yrs. m, w. d. h. mi. s. 
1831 6 3 4 19 43 15 
1790 7 2 5 23 58 49 



EXERCISES. 

(1) A Merchant has cash £584.1 6..9.; goods value 
£l264..0..9i. ; a mill value £S785..l6..0. ; book debts due 
to him £864..15..7. ; stock in the mill £4076.. 18. He owes 
to his machine maker £l087..6..4. ; to his cotton dealer 
£735..9..8. ; to a builder £698..19..6. ; to sundry persons 
£l25..19'.l 1^. What is the neat amount of his stock ? 

(2) Almanacs were first published in their present form in 
1474. How long is it since ? 
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(3) Subtract £100000. from sixteen millions and thirty 
pounds ? 

(4) Required the difference between the money coined in 
the reign of George Ist. being £8725951. and of that coined 
by George 2nd. being £ugSi576. ? 

(5) Bought (0 bags of cotton^ weight as under. 
No. cfvt. qrs. lbs» 



1. 


3 





18 


2. 


2 


2 


22 


S. 


2 


3 


10 


4. 


2 


3 





5. 


3 


2 


25 


6. 


3 


1 


23 


7. 


3 





9 


S. 


3 


1 


17 


9. 


2 


3 


19 


10. 


3 


3 


14 



And sold Nos. 1^ 3^ 5, 6, S, and 
1 0. Required the fross weight 
remaining on hand ? 



(6) J have an estate in the country worth £200. per annum^ 
but I pay for land tax 10 guineas^ for superintending the 
estate and collecting the rent 1^. in the pounds and for re- 
pairs after the rate of 20 guineas yearly ; how much is the 
dear yearly income of the estate ? 

(7) Telescopes were first used in Germany in 1621. How 
many years is it since^ this being 1 833 ? 

(8) A nobleman lei^ his oldest son fifteen thousand pounds, 
and to the youngest six hundred guineas and twenty-three 
pounds. How much had the oldest more than the youngest ? 

(9) Henry the Third of England reigned 56 years and 4 
weeks ; George the Third reigned 59 years, 13 weeks, 5 days. 
How much longer did George the Third reign than Henry 
the Third? 

(10) England contains 10000 leagues of roads, 1500 
leagues of canals, and 1200 leagues of rail roads ; France has 
more than twice the extent of territory of England and con- 
tains 1500 leagues of roads, 5000 leagues of canals and 40 
leagues of rail roads. How many leagues of conveyance does 
England contain more than France ? 

(11) An estate consists of 476 acres, 3 roods, 14 perches, 
three parts of it are sold, the first containing 104 acres, 3 
roods, 26 perches ; the second 63 acres, 2 roods, 1 5 perches ; 
the third 87 acres, 2 roods, 29 perches. How much remains 
unsold? 

(12) Sent a due bill of exchange value £43..14..9. to pay 

c5 
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an account of £28..15..10^. Required the amount of the 
change out? 

(13) A youth bound an apprentice for seven years has 
served 4> years, 5 months, 3 weeks, 4 days and l6 hours. 
How much longer has he to serve? 

(14) Required the difference in length of one pound each 
of^No. S4 and 124 hanks of yam ? 

(15) I am allowed one ounce per pound for winding, 
warping and weaving 640 lbs, of silk, what weight of manu- 
factured silk ought 1 to return ? 



COMPOUND MULTIPLICATION. 

Rule 1. When the Multiplier is not greater than 12, write 
it under the lowest name of the Multiplicand, and in multi- 
plying carry as in Addition of the same name. 

EXAMPLES. 



£• s. d. 

Multiply 16 14 8^ 
by 5_ 

£83 13 64 

£• s, d, 

(1) 6 4 9X2 

(2) 8 7 4i X 3 

(3) 14 12 7| X 4 

(4) 52 9 Oj X 5 

(5) 18 Of X 6 

(6) 15 13 8l X 7 

(7) 8 1J| X 8 

(8) 26 Of X 9 

(9) 101 19 llf X 10 

lbs, oz. dtvt. gr, 

(19) 8 9 16 19X8 
tons, ctvt, qr. lb. oz drs, 

(20) 37 14 U 25 14 10x9 
lbs, oz, dr, sc. gr, 

(21) 43 11 6 2 17 X 12 
^ds, qrs. n. 

(22) 26 3 2x6 
kk, L th. in, 

(23) 43 4 39 46 X H 
bd, sL le. tlir, in, 

(24) 104 16 9 109 87X6 



hks. 
Multiply 26 
by 



/. tk. in. 
6 76 28 

7 



6 55 34 

d, 

8i X 11 



II 
12 



j X 
Sj X 
4| X 10 
7 X 12 



188 

(10) 76 4 

(11) 15 lOi X 12 

(12) 43 7 9 X 7 

(13) 60 lOf X 12 

(14) 84 16 9 X 9 

(15) 78 15 

(16) 19 

(17) 97 13 

(18) 26 

mi, J, p, y,ji, in. be, 

(25) 27 4 19 429 2X7 
a, r, p. yd, ft. in, 

(26) 127 3 27 4 2 8 X 8 

/. hhd- g. qt, p, 

(27) 7 S 56 3 1X9 
ba7\ gal. qt, p. 

(28) 43 33 2 1 X 11 
qr. bu, p, gal, 

(29) 47 6 3 1 X 12 
yrs m. w. d, h, m, s, 

(30)41 3 2 6 19 43 25X11 
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Rule 2. When the Multiplier is the Product of two or 
more numbers, not exceeding 12, multiply by one of them^ 
and the Product by another, and so on. 



cwL qrs. lbs. oz. dr. 

(2) Multiply 53 2 18 9 6 

by 84=12X7. 12 

643 3 27 8 

7 





£. 


s. d. 


(1) Multiply 12 9 5f 
by 42=7X0. 7 




87 6 44 




6 




£523 18 1^ 




£. s. d. 


(3) 


t 14 17 8 X 18. 


W 


15 9: 


tx21. 


(5) 


36 7 ll] 


^X 22. 


(6) 


14 Si 


^ X24. 


(7) 


100 15 O] 


X25. 


'^ 


97 4j 


X 54. 


(9) 


104 17 3 X6S. 


(10^ 


59 8 11^X77. 


01} 


1 24 17 X 27. 


(12) 


1 36 7f X 32. 
1 50 6 4| X 45. 


(18) 


14) 


> 93 14 8 X66. 


(15] 


\ 19 Hi 


f X72. 



cfp/.4507 3 21 3 8 



£. #. 

(16) 18 

(17) 13 8 

(18) 7 9 
lbs, oz, 

(19) 7 9 
cwt. qrs, 

(20) 9 3 
hks. L 

(21) 95 4 
tn.Jur. 

(22) 93 4 
yrs, m. 

(23) 34 8 



d. 

4^ X 56. 
5 X 108. 
3^ X 144. 
dfvLgr* 

14 17 X 48. 
Ufs.oz. 

15 11 X 132. 
th, in, 

79 52 X 60. 
p, yds, 
26 3 X 168. 

rv, d, 

3 4X75. 



Rule 3. When the Multiplier is not the product of two or 
more numbers, take the nearest product, and multiply by its 
factors and then by the difference ; if the assumed number 
be less than the Multiplier add the products ; if greater^ sub- 
tract them. 

£, s. d. 
(1) Multiply 6 15 4f by 38 = 9 X 4 + 2. 

9_ 

60 18 6| 
4 



243 14 3 
^3 10 9i - top line by 2 add. 
£257 5 0^ 
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(2) Multiply 77 1* S by 106 =: 12 X 9 — 2. 
12 

932 11 
9 



8392 19 

^•"^^ ^ ^ = top line by 2 subtract. 
£8237 10 6 



£. *. 

(3) IS 6 

' 5 

6 



rf. 



(4) 
(5) 



Oi X 17. 

71 X 23. 

_ _ oX X 38. 

(6) 17 4 94 X 39. 

(7) 12 lOf X 62. 

4lx59. 
9i X 47. 
34 X 83. 



(8) 27 9 

(9) 63 14 
(10) 107 6 



£. #. 

(11) 85 

(12) 17 8 

(13) 147 6 

(14) 5S 8 

(15) 8 



d. 

7f X 95^ 
6i X 106. 
X74. 
5i X 142. 



^ ll| X 82. 

(16) 34 19 Of X53. 

(17) 126 74 X 79. 



Rule 4. When the Multiplier is large multiply it by 10^ 
and the i'roduct by 10^ and so on till tiie Multiplicand and 
the Products make as many lines as there are figures in the 
Multiplier; then multiply the first line by the right hand 
figure, the next line by the second figure^ and so on ; add the 
Products thus obtained. 



£. s. d. 
Multiply 4 16 9i X 7 
by 4567. 10 

48 711 X 6 
10 



483 19 2 X 5 
10 



£>• s» d, 
33 17 64 

290 7 6 

2419 15 10 



4839 11 8X4 = 
4 



19358 6 8 
2419 15 10 
290 7 6 
33_17 64 

£22102 7 64 
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EXERCISES, 



1 . When the value, weight, measure, &c. of an article is 
given, to find the value of any number of articles. 

Rule. Multiply by the number of articles. 

S. To find the amount of wages, or any thing that is in« 
creased by length of time. 

Rule. Multiply by the time. 

What is the price of 

1) 16 cwt. of indiffo, at £l9-7-^i' per cwi' f 

2) 8 stone of wool, at 19*« 7^» per stone? 

3) 1 1 lbs of coffee, at 2*. 9i3. per lb ? 

4) 9 yards of blue cloth, at 8s. 6d. per yard ? 

5) 15 gross of tape, at 6s, 7^(1, per gross ? 

6) 42 umbrellas, at 5s. Qd. each ? 

7) 18 reams of paper, at 1 7*. 6d. per ream ? 

8) 27 square yai'ds of flags, at 2*. S^d, per yard ? 

9) 84 lbs, of flooring nails, at 4|c/. per /6. ? 

10) 35 crates of earthenware, at £4.. 18.. 6. per crate? 

11) 63 dozen cans of milk, at 2jr. 5^d. per can? 

12) 37 oz. of silver, at 5s, 4|c^. per oz, ? 

13) 29 sets of china, at £3..17.*9i- per set? 

14) 53 barrels of ale, at £2..T-^..7« per barrel ? 

15) 74- oxen, at £l2..9>*6. per head ? 

16) 87 lbs, of brevier type, at 3s. 7^ per lb. ? 

17) 240 bundles of twist, 10 lbs, each, at 4r. 3^. per lb, f 

18) 9^ demies of muslin, at £2..17»64* per demy? 

19) 38 gross of bobbins, at Hs. l^d, per gross ? 

20) 69 tliousand bricks, at 24.^. 7d. per Uiousand ? 

21) l(iO,000 laths, at \6s. 9^d. per 1000? 

22) 56 weeks' wages, at ISs 7^d. per week ? 

23) 94 dozen of wine, at 36s, 4^^. per dozen ? 

24) 146 gross of corks, at 4^. 3^d. per gross? 

25) 186 yards of gas-piping, at 3s. 4i^d, per yard? 

26) 423 tons of coal, at £l.M. 8^. per ton? 

27) 108 loads of lime, at Is. l^d. per load? 
26) 1728 cubic feet of gas, at 2«. 3^<f. per foot ? 

29) 78 chronometers, at £5..17*«8. each? 

30) 525 lbs. of brass castings, at 14|c^. per lb. ? 

31) 468 yards of muslin, at Is. lO^d. per yard ? 

32) 375 cubic feet of stone, at 4*. 10|rf. per foot ? 
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(83) 156 dozen of PuUicat handkerchiefs, at 7s. 9^. per 
dozen ? 

(84) 56 pieces of cord gingham, at 1 1#. 9^. per piece ? 
(35) 8 Cheshire cheeses, each containing 25^ Ufs, at 6d, 

per lb. f 

{36) 500 pieces of super calico's, at 6s. 4^. per piece ? 

(87) 847 score of doffings, reeled at Is. 4|c?. per score ? 

(88) 487 Ufs. of cotton yam, dyed blue at 7|^« per lb. 9 

(89) 146 lbs. of lead, at 2^d. per lb. f 

(40) 8 sugar loaves, weight 54^ lbs. at 7id. per /&. ? 

(41) 63 dozen of candles, at 5^d. per lb, ? 

(42) 144 sacks of fiour, at 4f3s Qd. per sack? 
(48) 56 loads of meal, at 34fS. lO^d, per load ? 

(44) 88 weeks' rent, at 5s. Qi^d. per week ? 

(45) 1520 spindles, turned by power at 1#. 1^ per 
spindle ? 

(46) 19 i feet of fiUetting, at lOfrf. per foot? 

(47) 186 sheet cards, at 2s. 3^d. per sheet? 

(48) 94 lbs. of bell-metal castings, at Is. 2^d. per lb. ? 

(1) What is the weight of 49 bales of Surat cotton, each 
weighing 4 ctvt. 1 or. 20 lbs. per bale ? 

(2) What will the spinning of 1 1 sets of yam, each weigh- 
ing 6 Ihs. 10 02. \2 dr. come to, at Q^d. per //;. ? 

(8) A very violent hurricane goes at the rate of 146| feet 
in one second of time. What is the hourly motion in miles ? 

(4) The pressure of the atmosphere upon a square inch of 
the earth's surface is 14 lbs. 6 oz. 6 dr. What is that upon an 
acre of land ? 

(5) Suppose there are 1756 stretches, of 54 inches each, on 
one cop. How many hanks, leas and threads?, 

(6) If there are 1680 stretches, of 54 inches, on one cop, 
what quantity of yam in a set of 480 cops ? 

(7) A wagon is drawn at the rate of 2^ miles per hour. 
What time would it be in passing from Manchester to London, 
the distance being 182 miles? 

(8) A deed is to be engrossed, containing 6480 words ; 80 
folios, each containing 72 words, are to be put on the first 
skin of parchment, and 1 5 folios on every subsequent skin. 
Required the number of skins of parchment for the deed. 

(9) I'he earth revolves round the sun at the rate of 68000 
miles per hour. How many miles is that per Julian year ? 

(10) If 2^ hanks of yam can be spun on one spindle in 
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twelve hours, what quantity will 480 spindles turn off in the 
same time ? 

(11) The piston of a steam engine moves at the rate of 
220 feet per minute. What is the rate per hour and per day 
of 11^ hours? 

(12) Suppose a person in trade can clear £S62..10..6^. a 
year, how much will he have in 13^ gears' trading? 

(13) In 8000 turns of a wheel, l6^feet in circumference, 
how many miles will it run over? 

(14) If 45 patients were to have 20 boluses each, and each 
bolus to weigh 4 scruples, how many pounds of ingredients 
would it take to make the whole composition ? 

(15) There are 38 sheet cards, each 4^ inches broad, to 
clothe a cylinder. Required the circumference. 

(16) Required the weight of a cask of oil, containing 180 
gallons, allowing 7i ^'- to a gallon. 

(17) A lap frame will deliver 36 lbs. of cotton per hour. 
What is that per day, of 1 1 hours ; and per week, of 66 
hours ? 

(18) A piece of cambric, 54 inches broad, has 90 warp 
threads in one inch. How many in the whole breadth ? 

(19) A throstle delivers 316 yards of twist per spindle per 
hour. How many hanks per day, of 1 1 ^ hours ? 

(20) A mule, of 480 spindles, makes 2 stretches, of 54 
indies each in one minute. How much yarn is spun in one 
day, of 1 1 ^ hours ? 



COMPOUND DIVISION, 



Rule. Begin at the highest denomination. Divide it as 
in Simple Division. Reduce the remainder into the next in- 
ferior name, adding the given number of that name ; divide 
this in the same manner, and so on tiU the lowest. 

Note. If the Divisor is 12, or under, work mentally. 

X/* S» a. ab. S» a* jb. S» »• 

(1) 4)63 18 8 (6) 9)80 6 9 ill) 8)481 13 7i 

(2) 5)48 12 6 (7) 10)434 15 8 (12) 9)23 9I 

(3) 6)234 14 9 (8) 11)26 9 (13) 7)121 14 

(4) 7;175 16 7 (9) 12)257 14 9 (14) ^)53 I6 4, 

(5) 8)67 13 4 (10) 11)43 17 6 (15) 12)596 19 11 
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cwt, qrs.Ufg. 02. dr. 

(16) 3)146 S 14 10 14 (24) 

lbs, ox»dwtJt.gr» 

(17) 5)17 10 16 12 (25) 

lbs. oz. dr.acr.gr, 
(IS) 9)33 11 7 2 14 (26) 

^dt.qrs, n. 

(19) 7)46 2 2 (27) 

AA:#. le. th. in. 

(20) 11)474 3 23 49 (28) 

^i/#. fi. in, 

(21) 6)237 2 9 (29) 

m. yiir. p. 

(22) 8)93 4 24 (SO) 
hhds.gaL p. 

(23) 11)54 27 3 i (31) 

When the Divisor is the product of any 
exceeding 12, divide successively by these 



d. 
4 



£• s. d» 

(32) 15)17 14 9f 

{33) 16)43 8 

(34) 18)153 7 Oi 

(35) 21)6 9 

(36) 24)104 15 9i 

(37) 32)38 6 4| 

(38) 35)84 19 5 

(39) 48)175 8 

Cfvt. qrs. lbs. 

(47) 16)43 2 8 

^ds. Ji. in. 

(48) 27)146 2 11 

(49) 36)46 9 4 

A^^. le. th. 

(50) 45)473 6 45 

a. p. 

(51) 56)168 27 

m. f. p. 

(52) 64)325 *3 14 



t. qrs.osL 
12)75 3 14 
tn. p. yi. 

9)49 33 9 

hks. th. 
4)93 53 

a. r. p. 
11)86 3 27 
hhds.gal. p, 
8)64 3 2 
/6«. oz.dr. 
7)43 6 11 
CR^/. qrs. lbs. 
8)456 3 23 

^r«. 371. fZ^. 

9)243 11 3 

two Factors, not 
Factors. 

<£• ^. c2. 

(40) 25)246 18 6 

(41) 63)57 8 9 

(42) 84)146 7 3 

(43) 72)279 '8 11 

(44) 121)153 6 8 

(45) 132)259 14 9 

(46) 144)736 9 4 

yrs. m. d. 

(53) 75)1473 11 24 

t. cwt. lbs. 

(54) 88)1694 17 14 

lbs. oz.dwts. 

(55) 96)257 11 15 

hhds.gaL 

(56) 108)678 53 

1/ds. qrs. n. 

(57) 132)594 3 2 

1/rs. w. h. 

(58) 144/987 3 21 



EXERCISES. 



1st. When the value, weight, measure, &c. of a given 
?>'••-' ^ ^nicies is given, to find the value, &c. of one. 
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Rule. Divide the value, &c. by the number of articles. 

2nd. When the value, weight, measure, &c. of the whole 
is given, and also the value, &c. of one, to find the number 
of articles. 

Rule. Divide the value, &c. of the whole by the valu^ 
&c. of one; both values, &c. being first reduced to the lowest 
name mentioned. 

3rd, To find the wages, work. Sec. in a single year, day, 
&C. divide by the number of years, days, &c. 

4th. To find the time of earning wages, performing work, 
&c divide by the amount per year, day, &c 

(1) If 17 yards of cloth cost £l9..S..9. what is it per j&rd? 

(2) If 1 cfvt of cheese cost 42*. what is that per lb. f 

(3) A farm of 56 acres pays a rent of £280. what is that 
per acre ? 

(4^ A set of yam weighs 4 lbs. and contains 500 hanks ; 
required the counts. 

(5) If 9 bags of cotton weigh 32 ctvl. 2 qrs. 22 lbs. required 
the average weight of one bag. 

(6) If a set of yam weighs 5 lbs. 4 oz. and contains 630 
hanks, what will be the counts of yam ? 

(7) Out of 12 cwt. 3 ars. 12 lbs. of tea, how many canisters 
can I fill, each canister holding 12 lbs. f 

(8) A person promises to discharge a debt of £3.. 10.. 10. 
by weekly payments of S4d. How long will it take to dis- 
charge the debt ? 

(9) A stone is to be raised 120 feet in 8 minutes. Re- 
quired the velocity per minute. 

( 1 0) If a spindle turns off 3 hanks, 2 leas, 6 threads of 
yam per day of 12 hours, what quantity is that per hour? 

(1 . ), A gentle gale of wind passes off at the rate of 5 miles 
per hour. How many feet is that in one second of time ? 

(12) Dr. Herschell has seen 1 lf)000 stars pass through the 
field view of his telescope in 1 5 minutes. How many passed 
per minute ? 

(13) A piece of cloth, at 5s. per yard, cost £20. How 
many yards were in it? 

(14) If 43 yards of cloth cost £22..1 1..6. what is that per 
yard? 

(15) Divide £S..10. among 5 men and 6 women, and give 
each man thrice the share of a woman. 

(16) What is the weekly rent of a labourer's house, if he 
pays £6. for one year ? 
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(17) Five persons clear £473.. 1 8 ^6. by making bricks in 
one season. Required each person's gain. 

(18) A gold vase cost £l88..^..6. at £4..7"6. per ounce. 
What was its weight ? 

(19) A piece of calico^ 28 yards long, 42 inches broad^ is 
to be printed with blocks, each 8 inches long, 6 inches broad. 
Required the number of impressions on one piece. 

(20j How many motions, one revolution of the cylinder, 
ought the crank of the dofier to make, to strip the cotton 
every ^ inch from a cylinder 38 inches in circumference ? 

(21) Required the number of gallons in a cask of oil, 
weighing neat 4 cwt. 3 qrs, 1 2 lbs. one gallon being 7^ fbs. 

(22) How many teeth, of 2 inches pitch, are in a wheel of 
12 feet circumference.? 

(23) If a plank be 3 inches thick, and ] 2 inches broad, 
how much more weight will it bear with its edge than with 
the flat side uppermost ? 

(24) Suppose the piston of a steam engine to travel 220 
feet per mmute, and the length of the stroke up and down 
to be 8 feet, what is the number of strokes per minute ? 

Questions applicable to the preceding Rules. 

Multiply £0..17..4i. by 2^. 
Multiply £8. 9-3. by 5^. 
Multiply 17 t* 6 ctvt, 2 qrs. 18 lbs. by 7\ 
Multiply 43 kks. 6 le. 53 th 47 in. by 9t 
Multiply 9 hhds. 9.7 gal. 6pts. by 11 J. 

Divide £35..9. 8 j. by 3J. 

Divide £l04..18..1 4- by 6|. 

Divide £26..l9..4^i. by 8f . 

Divide 276c«;^ 3 qrs. 24 lbs. by Uf. 

(1) What cost 8 warps, each weighing 11 lbs. 4 02. at 
Is. S^d. per lb. ? 

(2) What cost 7i dozen Pullicat handkerchiefs, at iO^d. 
each? 

(3) What cost 7854 lbs. of cotton, at 7f rf. per lb. ? 

(4) If 5534flbs. of cotton cost £256..3..5. what is that per lb. f 
{5) How many cwt. of cotton can 1 have at ll^d. per lb* 

for il68..15..3.? 

(6) Suppose a person by trading can clear £4894..2..3f . 
in ] 3^ years, what is his yearly increase of fortune ? 

(7) How many parcels, each 126| lbs. can 1 have out of 
an hogshead of sugar weighing 8f cwt. ? 
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(8) There are 9 butts of bricks^ the 2 first contain 178 
bricks long and S6 broad each ; 3 others, 24() long and 32 
broad each ; 4 others, 378 bricks long and 40 broad each. 
How many bricks in the whole ? 

(9) How many moons,, of 29^ days, are there in 365\ 
days? 

(10) A draper paid £44..13..44. for 17 pieces of print, at 
10\d, per yard. How many yards were in a piece ? 

(11) A gentleman, on landing at Liverpool, fomid himself 
possessed of the following sums, viz. S6 pieces, of £3.A^ 
each; ^7, of 36s, each; 94, of \6s, 6d. each; 84, of 27'. 
each ; 543, of 4^. 6d. each. Required the amount. 

(12) A labourer's wages amount to ISs. per week. How 
much have his family to live upon if he lays by £ll. for 
house rent and clothes ? 

(13) A gentleman is desirous of m^vina i«ogumeas per 
annum out of a yearly woomc of £764. Sow much may he 
fippnd dally ? 

(14) Required the value of yam contained in the following 
list, at I5d. per lb. for 24 hanks twist, rising ^d. per lb. at 
every 2 hanks, each bundle weighing 10 lbs. 

126 bundles, 24 hanks. 

84 bundles, 26 hanks. 
140 bundles, 28 hanks. 

60 bundles, 30 hanks. 

72 bundles, 32 hanks. 

(15) In 14 ctvt of 120 lbs, each, how many cwt of 1 1 2 lbs, 
eadh? 

(16) In 15 cfvt, of 112 lbs, each, how many cwL of 120 lbs, 
each ? 

(17) How many planks, | of an inch thick, can be cut 
out of a balk 20 inches broad, allowing ^ of an inch to each 
plank for the saw guage ? 

(18) The main cylinder of a carding engine is l62 inches 
in circumference. How many sheet cards, 4^ inches wide, 
will be required to cover the same? 

- (19) A warp contains 2520 ends, and upon waling there are 
15 ends in ^ of an inch. Required the breadth of the cloth. 

(20) Required the number of tokens, of 20 threads each, 
upon each of 4 heald shafls, to weave a warp of 1 200 ends. 

(21) If a steam vessel, let into a basin of water, causes 
an overflow of 50000 cubic feet of water, what will be the 
weight of the vessel? 
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Tojind the average of any sum of numbers. 

Rule. Add up the numbers^ and divide the sum by the 
number of Items ; the Quotient will be the average number. 

(1) Find the average of the following numbers : 35, 48, 
56,21,63, 84, 105. 

(2) Required the average of the following numbers : 45, 
81, 72, 9.M, 107, 153, 135, 144. 

(3) Sold woollen cloth, the lengths as under : required the 
average length per piece; 13 yards, 14 yards, 15 yards, l6 
yardS) 17 yards, 1 9 yards, 20 yards, 21 yards, 22 yards, 23 
yards, 24 yards. 

(4) Bought cotton as under : required the average weight 
per bag. 

cwLqrs.lbs, 
3 2 22 



3 


1 5 


3 


17 


8 


2 19 


3 


1 27 


3 


1 17 


3 


3 6 



(5) What will be the average numbers of the following 
list of yam: No. 24 hanks. No. 26's, No. 28*8, No. SO's, 
No. 32's, No. 34's ? 

(6) Three cops wrap 6 hanks, 4 leas, 10 threads. Required 
the average length of one cop. 

(7) There are six numbers which average 14. Required 
thefimount. 

(8) The velocity of a stream of water on the surface is 25 
teet per second, and at the bottom 1 6 feet per second. Re- 
quired the mean velocity. 

(9) If the girts of a tree, in different places, be 6Ji, 8 t»./ 
6 ft 4 in,; 5 ft, 10 in.; 5 ft, 3 in.; Asjl, 7 in,; ^jt, 3 in,; 
3 ft. 9 <n and 2 ft, 10 in, what is the mean girt? 

(10) A boat, calculated to carry 1 ton for every inch of 
water she dips above the keel, dips at the stem 19 inches, 
in the middle 18 inches, at the stem 17 inches. Required 
the number of tons loading. 

(11) Another boat dips unevenly at each side; the stem 
dips being 18 in. and l6tn. ; the middle 17t». and 15tii. 
and the stem 14 tn. and 13tii. Required the loading she 
carries. 
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PRACTICE 



Is generally understood to be the method of computing by 
Aliquot parts. 



TABLE OF ALIQUOT PARTS. 




10 = 5^ 



10 = 5>j 

8 = s-s 

6 = ^^ 

4 = S-i, 

8 = b'o 

2 =tJ5 

I =,h 



Of a shilUng, 
d. 

6 = 
4 = 
3 = 
2 = 

1 = 

f = ^^ 

Vt a sixpence, 
d. 



k 



1 

19 




Case 1. When the given price is the Aliquot part of £l. 
or If. &c. 

Rule. Write down the value at £l. or Is, &c. and take 
the same parts of it that the given price is of £l. or 1«. &c. 
and it will give the answer in pounds or shillings^ &c 



(1) 9374 at 10*. 

(2) 8435 at \Qs. 

(3) 5926at&. 8rf. 

(4) 4327 at 5s. 

(5) S9S5 at 4*. 

(6) 3896 at 3*. 4<;. 

(7) 648f at2*.6^ 

(8) 4739 at 2*. 

(9) 8973atl*. 8rf. 

(10) 7064at IJ. 4c?. 

(11) 2759 at \s.Sd, 

(12) 3753 at U. 



(13) 4738 at 6(^. 

(14) 5743 at eW. 

(15) 9534 at 4d, 

(16) 6857 at 3d 

(17) 5946 at 2rf. 

(18) 6389 at 1^. 

(19) 7854 at Id. 

(20) 6438 at |rf. 

(21) 8594at Jrf. 

(22) 9436 at \d. 

(23) 235 1 at 2rf. 

(24) 54325 at l^c?. 



(25) 54936 at 3d. 

(26) 78596 at \^ 
(27)3459 at2rf. 

(28) 5736 at id. 

(29) 38947 at frf. 

(30) ^9Q5 at ^. 

(3 1 ) 4784 at {d. 

(32) 3721 at 5*. 

(33) 17'^5at U.%d. 

(34) 7591 at is. Sd. 
{35) 3275 at 4d. 
{S6) 4573 at id. 



W A SYSTEM OF 

CaaeZ. When the price u not the exact put oT U. &c 
Rule. Take an exact part leas than the price, and if the 

Remainder be not a part, take a part less than it, and so on; 

then find the value at all these prices and add them together, 

the snm is the value at the given price- 
Note. After <me part is taken, apart or it alao ma; be taken. 



(1) 3751 atlW. 
(i) ^ilOa.t^d. 

(3) 6524 at lU 

(4) 7062 at sld. 

(5) 2065 at 44rf. 

(6) 3512 at *U. 

(7) 2107 at +J(i. 

(8) 3310 it 5d. 

(9) 8715at5i<i 
(10) S120at5^. 



(11) 7521 at Sid. I t-:;!) 6325 at 9id. 

(12) 7914 at 6W. I C-2i)7294at 9id. 
(IS) 3250 at 6W. I (jj) 2)50 at gK 

(14) 2708 at 6|dL (.'I) 5724 at loU 

(15) 3254 at TiA I ( - .i) 6.$27 at lojrf. 

(16) 2701 at 7K I ( '<>) 3254 at 10i<f. 

(17) 3714 at 7fA ' C'T) 7»91 at lOfA 

(18) 35liatS{d. I t-d) 375iat llU 

(19) 2759 at «i<i. t,'9) 7972 at llU 

(20) 9872 at 8jji I ( >0) *063 at l\id. 



Rule. Take the Aliquot part or puts for so much of the 
given price as is more than one shilling, which add to the 
given quantity, and divide by 20 for the Answer. 



(1) 2790 at 1 li. 

(2) 790* at 1 l|. 

(3) 3912 at 1 ii. 
(*) 7250 at ] 2|. 

(5) 5271 at I 3} 

(6) 3254 at 1 S|. 

(7) 2759 at 1 ,*j. 



(8) 7250 at . 

(9) 7103 at 1 6|- 

(10) 7925 at I 6; . 

(11) 142104tl 7 

(12) -054 at 1 7 . 

(13) 2905 at 1 8 



(14) 1004 at 1 8f- 

(15) 2751 at 1 9}. 

(16) 7606 at 1 9|- 

(17) 1007 at 1 10|. 

(18) 2705 at 1 Uf. 
(19)4000 at I llj. 



Case 4. When the priceconsistsof anevennumberof shil> 
lings under 20. 

Rule. Multiply the given quantity by half the Price, 
doubting the first figure of the Product for shillings, and the 
rest of the Product will be pounds. 

(1) 3760 at 2«. I (4) 3782 at 8*. | (7) 6498 at 14*. 

(2) 4878 at 4*; (5) 4534 at 10*. (8) 3.959 at 16*. 

(3) 7399 at 6*. i (6) 5437 at 12*. | (9) 7568 at 18*- 

Case 5. When the price consists of shillings and pence, Ac. 
and they are not the aliquot parts of a pound. 
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RuLK. Multiply the quimtity by the shillings and take 
parts for the rest, add them together, and divide the sum 
by no 

8. d. 



s, d, 

(1) 7514 at 4 7. 

(2) 2517 at 5 3 
(S) 2547 at 7 3 
(4) 3271 at 5 9 



(5)2103 at 15 4, 

(6) 7152 at 17 6j 

(7) 2150 at 14 7 

(8) 3715 at 9 4^. 



s> d, 

(9) 2572 at 13 74. 

(10) 7251 at 14 Sl. 

(11) 3.^10 at 15 71. 

(12) 2710 at 19 21. 



Case 6. When the price is pounds, shillings, pence and far- 
things. 

Rule. Multiply by the pounds and take parts for the shil- 
lings, &c. according to the preceding rules ; these sums added 
together will give the Answer. 





£. 


g. 


d. 




£. 


s. 


d. 


(1) 


2170 at 2 


3 


7i. 


(7) 


3210 at 1 


18 


6i 


(2) 


3125 at 4 


6 


8. 


(8) 


2517 at 2 


7 


4 


(3) 


2154 at 7 


1 


3. 


(9) 


7927 at 3 


6 


n 


W 


2701 at 2 


3 


4. 


(10) 
(11 


3514 at 4 


11 


8; 


(5) 


2715 at 1 


17 


2i. 


2107 at 5 


4 


7: 


(6) 


2517 at 3 


15 


H- 











Case 7*. When the quantity contains a fraction. 

Rule. Work for the integers as before, and for the frac- 
tion take the same part of the price that the upper figure ia 
of the under. If the upper be not a part of the under divide 
it into parts. 

£. s, a. 

(1) 678| at 1 8 4. 

(2) 608| at 3 2 6. 

(3) 4391 at 4 5 6. 

(4) 48461 at 7 7^ 

(5) 5943| at 11 5%. 

(6) 45671 at I 4 9|. 

(7) 4567| at 4 7 4. 

Case 8. When the quantity is compound, and the price of 
the highest name given. 

Rule. Find the value of the highest name as before, and 
take parts of the given price for the lower names. 







£. 


s. 


d. 


^ 


5297J at 


1 


3 


2i. 


(9) 


3572f at 


4 


5 


9. 


(10) 


2459 1'^a at 


1 


4 


3. 


(11) 


4637^3 at 


2 


7 


3. 


(12) 


3897t'3 at 


3 


9 


6. 


(13) 


43571 at 


14 


7 


4. 



48 
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ctvL 


qrs, lbs. £, s. 


li. 


0) 


36 


1 7 at 3 18 


6 per CtvL 


(2) 


28 


3 14 at 2 12 


6 


(3) 


13 


3 4 at 2 18 


4 


(4) 


10 


14 at 4 6' 


9 


(5) 


7 


3 18 at 17 


6i 


(6) 


72 


3 19 at 3 17 


4 


(7) 


35 


2 5 at 3 7 


11 


(8) 


2 


1 4 at 3 12 


6 


(9) 


19 


3 7 at 4 2 


8 




qrs. 


hu. p. 




(10) 


31 


4 3 at 4 16 


6 per quarter, 




ac. 


r. p. 




(11) 


34 


2 20 at 2 11 


6 per acre. 




lbs. 


oz. (fn;/. 




(12) 


65 


10 14 at 3 6 


8^ per /6. 



Case y. When feet, inches and parts are to be multiplied by 
feet^ inches and parts. 

Rule. Multiply the greater quantity of feet, inches, &c. by 
the number of feet contained m the less quantity and take 
such Aliquot part or parts of a foot, &c. as the inches and 
parts require, these added together, will give the answer. 

6 in. = j Ji. in. pis, 
multiply 45 8 6 by Sjt, 9 1«. 8 pts. 

8 



365 8 

22 10 3 ,1 

11 5 1 6 

1 10 10 3 

7 7 5 

Feet 402 5 10 2 



3 in,z=^ 
6pis.z=^ 

2 =i 



(1) 7 

(2) 8 

(3) 9 

(4) 8 

(5) 7 

(6) 4 

(7) 7 

(8) 10 



in.pt. ft. 
9 0X3 

5 0X4 

8 0X7 
10X3 

6 0X5 

7 0x3 
5 9X3 
4 5X7 



in. pi. 
6 



7 
6 
5 

9 

10 
5 3 
8 6 










75 



(9) 
(10) 

(11) 

(10 
(13) 

(14) 311 



Ji. in. pi. fi. in. pi. 



7 X 9 8 
97 8 X 8 J) 
57 9 X 9 5 
75 9 X 17 5 
87 5 X 35 8 

4 7 X 36 7 5 



(15) 321 7 3 X 9 3 6 
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fiXBRCISES. 

(1) What cost 7846 pounds of cotton at ll^d, per pound ? 

(2) What cost 4681 yards of clothe at 8|d per yard? 

(3) What cost 1927 score of sheep^ at £6.»9-6. per score? 

(4) What cost 1276000 bricks, at 27'* 9d^ per thousand? 

(5) What cost 6874 quarters of wheat, at I5s. 6d, per 
quarter? 

(6) What cost 56 cwt, 18 pounds of indigo, at £S4f, 12#. 
per Cfvt. ? 

(7) What cost 17 cfvi* S quarters of steel, at 27'- per cwL ? 

(8) What cost 3 tons, 5 cwt 2 quarters of iron bars, at 
£71.-9-3 per ton? 

(9) What cost 4 yards, 2 quarters, 3 nails of cloth, at 
£l..2..4. per yard? 

(10) What cost 17 pounds, 5 ounces, 14 pennyweights of 
silver plate, at £3..6..9. per pound ? 

(11) What cost 32 acres, I rood, 14 perches of land, at 
<£l..lo^O. per acre ? 

(12) What cost 1 046| tons of iron, at 12«. 3d. per cwU ? 

CONTRACTIONS IN PRACTICE. 

Having the price of one given, to find the price of 120. 
Rule. For every penny that one costs reckon 10 shillings. 
If one cost 4|£f. what will 120 cost? 

Having the price of 120, to find the price of one. 

Rule. For every £. reckon 2d, for every 2s. 6d, one far- 
thing. 

If 120 cost £7>A5. what will one cost? 

120 at £5..10. 120 at £25..7..6. 120 at £36.15. 

Having the price of one, to find the price of 1000. 

Rule. For every 6d. of the price of one reckon £25. and 
for every penny £4J. 

At 13^. 4id. what cost 1000 ? At 12^. 6d. what cost 1000? 
Having the price of 1000 given^ to find the price of one. 

Rule. Take as many farthings as pounds in the price of 
one, deducting the 25th. part. 

At £645..18..9. per thousand, what is the price of one? 
Having the price of one given, to find the price of a dozen. 

D 
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Rule. For every penny of the price reckon Is. and for 
every ^. reckon 3d. 

If one yard cost lO^d. what will 12 cost? 
l2sLtl3s.6d. I2atllid. 12 at 23d. 12B,t27d. 

Having the price of a dozen given, to find the price of one. 

Rule. Take as many pence as there are shillings. 

12 at 15s. 6d. 12 at lOs. gd. J 2 at £l..2. 12 at £l..l3. 

Having the price of one given^ to find the price of 24. 

Rule. Take the number of halfpence in the price of one, 
as so many shillings for the price of 24. 

24 at lO^d. each; 24 at 2s, Sd. each; 24 at 3s. iid. each; 
24 at 4.V. 3^d. each. 

Having the price of 24 given, to find the price of one. 

Rule. For every shilling in the price of 24, take one bal^ 
penny for the price of one. 

24ati:^l..l. 24atJg3..4. 24 at £4. 24, at £5..3. 



ALLOWANCES ON GOODS. 

The Gross Weight means the weight of both goods and 
packages. 

Tare is an allowance granted to the purchaser for the 
weight of the package containing the goods. 

Draft is allowed on madder, cotton and some other goods^ 
and is to be deducted before the tare. 

Jrett and Cloff are obsolete. 

After every allowance is subtracted the remainder is called 
the neal weight. 

Case 1. When the tare is at so much for the whole. 

Rule. From the gross weight subtract the tare, and the 
remainder will be the neat weight required. 

(1) The gross weight is 648 cwL 3 quarters, 10 pounds. 
Tare 73 ctvt. 3 quarters, 14 pounds. Required tne neat 
weight ? 

(2) Required the neat weight of 1 6 hogsheads of sugar, 
weighing m the whole 73 cwt. 2 quarters, 19 pounds. Tare 
9 cwt. 2 quarters, 23 pounds ? 

Case 2. When the tare is at so much per hogshead, cask, 
8kip> bag, &c. and the gross and tare of each the same. 
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Rule. From the gross weight of one subtract the tare> 
multiply the remainder by the number of articles^ and the 
product will be the neat weight. 

(3) The gross weight of one skip is 264 pounds, the tare 
27 pounds. Requir^ the neat weight of lo skips ? 

(4) Required the neat weight of 23 casks of sumach, each 
weighing 473 lbs. gross, the tare 1 quarter, 19 pounds, per 
cask? 

(5) Required the neat weight of 24 bags of waste cotton, 
each weighing gross 103 pounds, tare 7 pounds per bag. 

Case 3. When the tare is at so much per cfvt. or per 100 
pounds. 

Rule. Divide the gross weight by the aliquot parts of the 
rate, which subtract from the gross weight, the remainder is 
the neat weight 

(6) What is the neat weight of 376 Cfvt 2 qrs. l6 lbs. 
Tare 14 pounds per cwt, 

CTvL qrs, lbs. lbs. 

(7) What is the neat weight of 473 2 24 at 1 6 per cwl. 

(8) What is the neat weight of 209 3 18 at 7 

(9) W^hat is the neat weight of 594 1 14 at 8 

(10) What is the neat weight of SbQ 3 21 at 24 

(11) What is the neat weight of 364 2 24 at 21 

(12) What is the neat weight of 174 3 15 at 19 

(IS) What is the neat weight of 4 casks, each weighing 
14 cwt. 3 qrs. 19 ^'^*« / tare 20 pounds per crvt. ? 

(14) What is the neat weight of 5 hogsheads of sugar, each 
weighing 4 cwt 1 8 lbs.; tare 24 pounds per crvt. ? 

(15) Required the neat weight of 10 bags of cotton, each 
weighing gross as under. 

No. cwl. qr. lbs. 

J. 3 20 

2. 3 5 allowing drafl 1 pound per bag ; 

3. 2 3 13 tare 4 pounds per 1 00 pounds. 

4. 2 3 13 

5. 2 3 9 

6. 2 2 20 

7. 2 3 10 

8. 2 3 7 

9. 2 2 15 
10. 2 3 22 
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(16) Bequired the neat weight of the followmg bales of 
Surat cotton, gross weight as under^ 
No. cwL qr. lbs. 

allowing 1 pound per bale for dr^ 
4 pounds per cfvL farropeA, and 4 
pounds per 100 pounds tare. 



62. 


4 


2 


17 


55. 


4 


1 


23 


72. 


3 


3 


26 


61. 


4 


2 


6 


74. 


4 


1 


24 


57. 


4 


2 


14 


73. 


4 


2 


19 



(17) How many gallons (allowing 7^ pounds to a gallon) 
are contained in 5 casks of oil, each weighing 3 cwi. 1 
quarter, 24 pounds gross, tare 16 pounds per cwt. ? 

(18) How much pure gold is there in amass of 78 pounds, 
allowing 24 pennyweights of alloy for each pound ? 

(19) In bleaching linen yam the loss upon 684i pounds is 
124 per cent, how much neat weight ought I to receive ? 

(20) If 4200 pounds of linen yam lose 17^ p^ cent, in 
bleachinff, what weight of yam will remain ? 

(21) Sought 6 bags of cotton weighing gross as under, 
draft 1 pound per bag, tare 2^ per 100 pounds, and found in 
the bags 273 pounds damaged cotton, required the neat 
amount of sound cotton ? 

No. cwt. qr, lbs. 



48. 


3 


1 


5 


41. 


3 





22 


47. 


3 


2 


9 


38. 


3 





17 


51. 


2 


2 


25 


46. 


3 


1 


27 



Allowances are made in many other cases which generally 
depend on the following 

Rule. Multiply the quantity by the rate and divide by the 
number on which the rate depends. 

(32) In malting 484 bushels of barley it increased in quan- 
tity at the rate of 3 bushels in 22, how much malt had I ? 

(23) What is that merchant's capital who began business 
with £1570* and has since increased it at the rate ofMlS. on 
£20.? 

(24) How much neat yarn should I have out of 1832 
pounds of cotton if the waste in working be 2 pounds in 16 
pounds ? 
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PROPORTION, 

RnLE. Place the conditions of the Question^ considered as 
the principal cause and effect^ in one line^ taking care to sepa- 
rate the cause from the effect ; set down the second condi- 
tions; each under each ; and where the term sought is in the 
second line^ mark its place with an asterism. 

Multiply each cause into the contrary effect ; use the Pro- 
ducts where the asterism is for a Divisor, and the other for A 
Dividend ; the Quotient will be the answer. 

N. B.— Where a term is understood, mark its place with an unit, 
or 1 ; and, where necessar/, reduce like terms to the same denomi^ 
nation. 

If 16 lbs. of weft cost ISx. what will 224 lbs. cost ? 
Cause, lbs. s. effect 

224 rS 16 

If 28 persons can qu ^ ^{^^ of work in 36 days, how many 
persons will complete the same in ^ ju^^ ^ 

persons, davs. work. ^^ ^ . 

Oft Qh* I. ^1 28X36 

28 ^1 — Q-^ = 112 persons. 

iff y r 1 X y 

If £48. be the wages of 36 men, for 9 days, what will bd 
earned by 12 men in 90 days? 

men. days. £. 

S6 9K^48 !L><J1><^^£160. 
12 90 rS <i S6x9 

EXAMPLES. 



(1) If 4 yards of doth cost 3s, what will 24 yards cost 

(2) If 24 yards of cloth cost ISs. what will 4 yards cos 



? 
cost? 

(3) If 3s. will buy 4 yards of cloth^ what wilf 1 8*. buy ? 

(4) If a set of yarn weighs 4 lbs. and contains 500 huiks, 
what will be the counts of the yam ? 

(5) If a cardinff engine throws off 4 lbs. of cotton in 45 
minutes, in what time will it throw off 64 lbs. ? 

(6) What quantity of hanks of yam will be required to 
make a warp of 1800 ends broad, 140 yards long ? 

(7) A shaft makes 44 revolutions per minute, driven by a 
pulley Zji. 9 in. diameter. Required the diameter of another 
pulley, to turn the same ilhaft 56 times per tnlnute. 
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(8) What will be the weight of 30 yards of cotton, de- 
livered from the carding engine at the rate of one hank in 
the pound ? 

(9) If 40 yards of drawing weigh 666| grs, what will be 
the counts ?* 

(10) I am spinning l60's with a pinion of 28 teeth. What 
number of pinion will SCO's require ? 

(11) If a set of yam contains 644 hanks, and weighs 6 lbs, 
7 02. what will be the counts of the yam ? 

(12) A set of yam weighs 7 lbs. 4f oz, and is wrapped No. 
80*8. How many hanks should there be ? 

(13) A set of yarn weighs 5 lbs. 15^ oz. and is wrapped 
KJO hanks in one pound. How many hanks should there be?t 

( 1 4) The doffing cylinder of a carding engine 1 3 inches 
diameter, has on its axis a pulley of 4 inches diameter, which 
gives motion to a pullev of 12 inches diameter; on the axis 
of the latter pulley is a lap drum. Required its diameter. 

(15) A set of yam is wrapped 190% and weighs 3 lbs. 7i 
oz. How many hanks should there be? 

(16) If a set of yarn contin**- ^^' ^a^'^s, and is wrapped 
no's required ♦^'^ ..«-'gut. 

(j ry Vlnat is the weight of a set of yam, containing 664i 
hanks, wrapped 1 80's. ? 

(18) If the amount of money paid for picking cotton in 
one week be £ 13.. 13. what would be the weight of cotton, 
admitting I pay Is. 6d. for every 4^ lbs. ? 

(19) I have 10 lbs of 24 hanks twist to make a warp 120 
yards long. Required the number of ends. J 

(20) In a wheel of 1 6 feet in circumference there are 9^ 
teeth. How many teeth in a wheel of 12 feet circumference, 
the pitch being the same ? 

(21) A mule, of 528 spindles, makes 7 stretches, of 54 



* In this question, 840 yards make one hank ; and the counts, or 
number of hanks in a pound, will be found by dividing the Quotient 
by the number of grains in a pound avoirdupois, for which see the 
table. 

-|- Bring the weights into half ounces. 

X The question will stand thus : 
yds. lbs, hkM, end. 
120 1 1 k^ 1 

Yards in 1 hank. 840 10 24 rN . 
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incdies each, in 3 minutes. What quantity of yarn is spun in 
12 hours?* 

(2£) A shaft, making 120 revolutions per minute, has a 
pulley of 9 indies diameter. Required tlie diameter of a 
pulley to turn the next shaft 64 revolutions per minute. 

(23) If 8 02. of cotton will extend 18 inches broad and 40 
inches long, what wHl be the extent of 28 lbs. the breadth 
being the same ?t 

(24) A stone of wire, containing 24 yards, is to be drawn, 
and the increase to be 8 inches per foot Required the length 
"when drawn, allowing no waste of metal.| 

(25) A beam has a warp wound on it containing 2769 
ends, 10 cuts 28 yards each. Required the number of hanks 
twist. 

(26) How many bricks, 9 inches long, 4^ broad, and 3 
inches deep, can be made from a cubic yard of earth ?§ 

(27) If 100 lbs. of yam lose l6 lbs. in bleaching, what will 
480 lbs. lose ? 

(28) What length of flags, 45 inches broad, will be re- 
quired to flag a street 70 yards long and 2^ yards broad ?|| 

(29) What is the length of a street, the causeway 1| yards 
broad, to be laid with 260 yards of flags, S^ yards broad ? 

(30) A cop is wrapped 140 hanks, and dbe set weighs 4 
lbs. 14 02. How many dofiings of 20 hanks each PIT 

(31) What must be the power applied to raise iUQGlbs. 
the lev^^ge being to the weight as 9 is to 2. 

(32) A warp containing 1 680 ends, 120 yards long, weighs 
1 1 lbs. 4 oz. Required the counts of the yam.** 



up. m. ttr. in. 

•Thus: If ^^1 ^g^ K^ 7 54 the answer Will be in inches; 

which, divided by the number of inches in one hank, will give the 
quantity of hanks. 

•)- Bring the ounces and pounds into half pounds. 

+ 12 inches will be the first cause, and 20 (being 12 + 8) the first 
effect, the 24 vards the second cause. 

§ The length, breadth and depth of the brick will be the first 
cause, the brick the effect, and the cubic inches in a yard the second 

cause. 

III. ydi. I. Jlag. 

II Thus, 45 1 K^ 1 

2i yards = 90 70 »^ , 

^ Divide the number of hanks by 20, for the number of doffings. 

lb*, oz. end*. yd*. hk. 

••Thus, 11 4 K^ 1680 120 1 
16 »^ 1 840 
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(SS) If a column of water, 1 1 yards deep> preds with a 
force equal to 1 5 lbs. per square inch, what will be the force 
if the depth be 83 yards? 

(34) There are 84 threads in one inch of 6-4 Jaconett. 
Required the quantity of hanks weft in 24 yards.* 

{35) What quantity of 40 hanks weft will be required for 
a piece of calico 24 yards long, 6-4 broad, and 64 picks in one 
inch?t 

(36) A piece of Jaconett, S6 inches wide, 24 yards long, 
has 76 picks in one inch. How many hanks weft in the 
piece ? 

(37) If the neat weight of yam upon a beam weigh 32 &s. 
of 36 hanks twist, the number of ends to be 2520, required 
the length of warp ? 

(38) If a cistern, containing 270 gallons, has a cock which 
discharges 6 gallons in a minute, and another has a cock 
which discharges 8 gallons in a minute, and both cisterns are 
emptied in the same time, how many gallons does this lost 
cistern contain? 

{39) If 8 02. of No. 60*8 yam contain 30 hanks, what wiU 
be the counts of 2 os. the length to be the same?]: 

(40) If the fly shaft of a steam engine makes 60, and the 

foveraor 38 revolutions per minute, and the wheel on the 
y shaft be 19 inches diameter, required the diameter of tJie 
governor wheel. 

(41) If a force of 200 lbs, be applied on the head of a reo* 
tangular wed^e, its thickness being 3 inches, and the length 
of its side 1 8 mches, what weight will it raise or balance per« 
pendicular to its side ? 

(42) If a lever be 100 inches long, what weight, lying 8 
indies from t^ie end, resting on a pavement, may be moved 
with the force of l68 lbs. lifting at tne other end of the lever ?§ 



in. thr. 


quar. 


•Thus, 1 K^ 84 
24 yards = 864 r^ , 


6 


4 


16. hks. ydu p. 


in. 


t Thus, 1 K^ 40 840 1 
. *^ 1 li 64 


1 


864 in 24 yards. 


oz. Kkt. 




±Thu«, 2 k^ 30 
16 ►^ , 




iff. Iht. 




§Thu8, 8 K^ 168 
92 *^ . 
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(45) The main shaft makes 44 revolutions pe^ minute, 
having a wheel on it of 24 inches diameter. Required the 
diameter of a wheel, that the next shaft may make 48 revolu- 
tions per minute. 

(44) A pulley of 19 inches diameter makes 60 revolutions 
per minute, and turns another o£ J inches diameter. Re- 
quired the revolutions of the latter pulley. 

(45) A shaft, making 640 revolutions per minute, has a 
wheel on it of 14 inches diameter, to drive a wheel of 8|. 
inches diameter. Required the number of revolutions- 

(46) What power is requisite to move a weight of 140 ft#. 
up au inclined plane, 8 feet long and 4 feet high ? 

(47) A teagle rope is attached to a beam of 8* inches ra- 
dius, which is driven by a wheel of 4 feet radius. What 
force will be necessary to raise 25 cwU ? 

(48) The wheel of a teagle is 5 feet radius, attached to a 
beam of 7* inches radius. If a power of 64 lbs. be applied to 
the wheel, what weight will it raise ? 

(49) A shaft midkes 180 revolutions per minute, has a 
wheel containing 1 5 cogs : the next shaft is required to midce 
225 revolutions per minute. How many coffs must there be f 

(50) A wheel, 192 inches diameter, miuLes 4 revolutions 
per minute ; what is the diameter of another wheel, to work 
m it, which is to make 81 revolutions per minute? 

(51) There are two shafts for the purpose of turning ma* 
chmery : one makes 50, and the other 40 revolutions per 
minute ; the diameter of the drum on the first shaft above is 
30 inches. Required the diameter of the drum on the other 
shaft, so that it will drive the machinery at the same speed 
as the first shaft 

(52) A screw is 12 inches in circumference, and one inch 
pitch. Required the power to raise 8760 lbs. 

(^5S) A crank, 9 inches long, turned by a wheel, is 6 feet 
from the joint of a lever, 9 feet Ions, working a pump. Re- 
quired the length of the stroke in the pump barreLt 

(54) What weight, placed at 70 inches from the fulcrum 



* The radius of the rope is included in this. 

•f The length of the crank forms the radius of a circle, which double 
for the diameter. 

ft. in. 

Then, 6 k^ 18 

d5 



58 A SYSTEM OF 

of a steel-yard, will equipoise 9| ctvi- at 2 inches distance on 
the contrary side ? 

(55) A body of 20 lbs. is impelled at the rate of 100 feet 
in 1 second. Required the velocity of 8 Ihs. moved with the 
same force. 

{56) If a carding engine, 18 inches on the wire, making 
120 revolutions per minute, -^ill turn oWiiOlbs. of cotton per 
day, what weight will one of 36 inches on the wire, making 
1 32 revolutions per minute, turn off in the same time ? 

(57) If 8 oz. of cotton, 18 inches broad, will extend 40 
inches long, what will be the extent of 12 Ihs. 36 inches 
broad ? 

(58) Required the number of bricks to build a wall 9 inches 
broad, 2()4feet long, 6 feet high, allowing 11^ square yards 
to 1000 bricks.* 

(59) Required the number of bricks to build a wall 13^ 
inches broad (i. e brick and half) 2()4 feet long, 6 feet high, 
allowing 11^ square yards to 1000 bricks, in a wall of 9 
inches broad.* 

(60) If 1000 bricks will build a wall 9 inches broad, 26 
feet long, 4 feet high, how many will build a wall 1 8 inches 
broad, ISO feet long, and 6 feet high ? 

(61) If a lever, 40 effective inches long, will, by a certain 
power, in 1 3 hours raise a weight 1 04 feet, in what time will 
two other levers, each 18 effective inches long, raise an equal 
weight 73 feet? t 

(02) A solid foot of stone was 16 inches broad and 3 inches 
thick. Required the length. 

(63) If an iron bar, 2 feet long, 3 inches broad, and 1 inch 
thick, weighs 18 lbs, what will be the weight of another bar 
of iron, which is 7 feet long, 6 inches broad, and 3^ thick ? 

(64^ How many men will build a wall 240 yards long, 6 
feet high, and 3 feet thick, in 8 days, when 7 men can bidld 
another wall 40 yards long, 4 feet high, and 2 feet thick, in 
32 days ? 

(65) A common joist is 7 inches deep and 2 thick, but I 
want a scantlinfi^, just as big again, that shall be 4 inches 
thick." What will the depth be ? J 

* Reduce the square yards to feet. 
lever, in. l. hr». fim 

fThus, 1 40 13 K^ 104 
2 18 , >^ 78 

ill. d, in. ^» JQifL 
X Thus, 7 2 K^ 1 
4 >^ 2 
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(66) If a 4^ hank roving will make 52 hanks jam with a 
SO change wheel, what will be the pinion to produce SO's 
from a 6 hank roving ? 

(67) The bevel wheel, at the bottom of the lying shaft, 
contains 48 teeth, and drives the carriage out of gear while 
the rim makes 36 revolutions. What bevel must be in its 
place, for the carriage to be out of gear in S2 revolutions of 
the rim? 

(68) If a mule, of 360 spindles, turn off 5 hanks of yam in 
8 stretches, what will be the length of the stretch ?* 

(69) A warp from No. 36 hanks twist contains 1800 ends, 
120 yards, 4 cuts. What will be the weight of one cut, when 
woven, if 2 lbs. 4 02. of 40 hanks weft be put in ?t 

(70) Allowing 2 lbs. 8 oz. of 40 hanks weft to be put in 
28 yards of warp, to stand 30 inches in the reed, how many 
threads of weft should there be in one inch ? j: 

(71) If 150 hanks yam can be spun from a 8 hanks roving 
with a 27 change pinion, what number of hanks yam can be 
spun from a 12 hanks roving with a 36 change pinion? 

(72) A power of 18 lbs. is applied to the winch of a crane, 
the length of which is 8 inches ; the pinion makes 12 revolu- 
tions for 1 of the wheel ; the barrel is 6 inches diameter. 
Required what weight the crane will raise to a height equal 
to double the length of the winch. 



VULGAR FRACTIONS. 



1. A fraction is a part of a thing, and supposes the unit 
divided into a number of parts. 

2. It is expressed by two numbers, one above the other, 
with a line between them, as J, |, A. 

3. The under number is called the Denominator, and shows 
the number of parts into which the unit is divided 

4. The upper number is called the Numerator, and shows 



tp, itr, hki, ft. 
• Thus, 360 8 K^ 5 25«0 in one hank. 
11X1 
•f- Add the weight of the weft to the weight of one cut. 
t 3 Ihi. 8 oz. of 40 hanks =: 100 hanks. 
In, yds. in, hks. 

Then, 30 98 »^ 1 100 
1 840 >^ . I 
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how man J of these parts the fnctioD eontains, as j = three 
quarters ; | = five cngfath parts, &c. 

5. A proper fimcdcMi is that of which tiie Numoator is 
less than the Denominator, as f . 

6. An improper fracticm is that of which the Numerator 
is equal to, or greater than the Denominator, as f , f . 

7* A compound fraction consists of two or more fractions 
connected with the word of, as | of {. 

8 . A mixed number consists of an integer, or whole number 
and a fraction, as 4f , &c 

41 7 

9. A mixed, or complex frracticHi, as — , — -, &c 

f 9 llj 

An integer, or whole number, may be expressed as a fr-ac- 
tion by writing 1 under it for a denominator, as 3, in frac- 
tions {. 

Note. The value of a fraction ia not altered by multiplying or 
dividing both Numerator and Denominator by the same number. 



REDUCTION. 



PROBLEII I. 



To abbreviate, or reduce fractions to their lowest terms.-— 
Find a number that will divide both the Numerator and 
Denominator without a Remainder, and the Quotients will 
be the term of a new fraction, equal in value to the former. 
If the same operation be repeated till the terms of the reduced 
fr'action are not divisible by a^ numljer greater than one, 
the fraction will be in its lowest terms. 

Note. If there should be anj difficulty in finding out the proper 
Divisor, proceed by the following Rule, by which it will be correctly 
found, and sometimes with the least trouble. 

To find the greatest Common Measure or Divisor of any 
given fraction, or of any two given numbers. — Divide the 
greater term by the less, and the Divisor by the Remainder 
continually, till nothing remains. The last Divisor is the 
greatest Common Measure. 

R«iuce Hj, ,V5. oisWu. mh .'wv. jm. ms. iVa. 

{JS§, to their lowest terms. 

Let it be proposed to abbreviate f g. 

H> ih> i\> ^y dividing first by two and then by three. 

Note 1. Any number ending with an even number, or a cipher, 
may be divided by 2. 
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16 8 * A ?? 180 _ 

2i' 12* T' T' 56* 236 "" 

Note %. Any number ending with a 6, or a cipher, is diTisible bj 
five. 

40* 100 ' 

XoTE 3. Any number is divisible by 3, if the sum of the digits b# 
so; and bj 9, if the sum of the digits be so. Thus, 417 is divisible 
by 3, because 12, the sum of 4, 1, and 7, is so ; the same with 45619, 
by 9. 

45 126 543 3627 

120' 411' 672' 5445* 

Note 4. Any number is divisible by 4, if the two last digits be so ; 
and by 25, if the two final digits be so. Thns, 316 is divisible by 4^ 
and 8275 is divisible by 26. 

Note 5. Any number is divisible by 8, if the four final digita be 
sa Thus, 9672 is divisible by 8. 

Not e 6. If there be any ciphers at the end of each, cut ofi^ as many 
as are common to both. 

200 20 1200 12 



340 54* 18000 180* 

PROBLEM II. 

To reduce compound fractions to simple ones. — Multiply 
all the Numerators togetlier for the Numerator of the simple 
fraction^ and all the Denominators together for the Denoml- 
nator thereof. 

Reduce | of ^^^, and f of | of J, and f of 3^3 of 6, and f of 
\^, and /^ of ^, to simple fractions. 

PROBLEM III. 

To reduce an improper fraction to a whole or mixed 
number. — Divide the Numerator by the Denominator^ and 
if there be a Remainder, set the Denominator below it in the 
form of a fraction, and annex it to the Quotient. 

Reduce V* V> ¥* 'V»^V> V^ V* V> to mixed fractions. 

PROBLEM IV. 

To reduce mixed numbers to improper fractions. — ^Multiply 
the integer, or whole number, by the Denominator of the 
fraction, and add the Numerator thereto; under this sum 
write the Denominator. 
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Reduce 4}, 6^, 14^, 15f, ISf, 7^ n\» Hh to improper 
fractions. 

PROBLEM V. 

To reduce fractions to others of equal value^ haying a 
common Denominator. — Multiply each Numerator into all 
the Denominators except its own for the new Numerator^ 
and all the Denominators together for the common Denomi- 
nator. 

NoTR. Fractions may often be brought to a Common Denominator 
by multipl)rin^ some of their Denominators by such number as will 
produce the hiffhest Denominator, but their Numerators must be 
multiplied by the same number. 

(1) Reduce | and ^ to a common denominator. 

(2) h h I (3) i h h j%- (4) i\, S. A- 

(5) A. \h A- (6) A. iJ. i\. A- (7) I. ?, 41, H- 
(8) i off f off,} of i. 

PROBLEM VI. 

To reduce a complex fraction to a single one. — If neces- 
sary, reduce the Numerator and Denominator to improper 
fractions; then multiply the Numerator of the upper fraction 
into the Denominator of the lower for a new Numerator, and 
the Denominator of the upper into the Numerator of the 
lower for a new Denominator, which reduce to its lowest 
terms. 

24| 
(1) Reduce -— ^ to a simple fraction* 

PROBLEM VII. 

To reduce any given number of fractions to a common 
Denominator. — The Product of all the Denominators, except 
its own, will give a Multiplier for the Numerator; the re- 
spective Multipliers for each fraction being divided by their 
greatest common measure, will give the answers in their least 
common denomination. 

(1) Reduce f and {^^ to a common denominator. 

Given fractions | and j% 
Multipliers. .13 and 5 
Answers ... 39 and 30 

65 65 
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(2) Reduce f « f and f to a common denominator. 

(3) i, I, f and f (4) f, ^^^ and J J. 
(5) f , 4J and f . 

PROBLEM VIII. 

To reduce fractions from one denomination to another.— 
If from a lower to a higher^ multiply the Denominator bv 
the number of the lower that makes one of the higher ; if 
fr'om a higher to a lower^ multiply the Numerator thereby. 

(1) Reduce ^ of a farthing to the fraction of a pound. 

(2) Reduce | of a shilling to the fraction of a guinea. 

(3) Reduce ^^ of a crown to the fraction of a pound. 

(4) Reduce | of a farthing to the fraction of a shilling. 

(5) Reduce | of half a crown to the fraction of a pound. 

(6) Reduce | of a pound to the fraction of a ton. 

(7) Reduce § of an ounce to the fraction of a ctvL 

(8) Reduce | of a dram to the fraction of a pound. 

(9) Reduce j\ of a yard to the fraction of a mile. 

(10) Ueduce ^§ of a second to the fraction of an hour. 

(1) Reduce ^ ^^^^ to the fraction of a farthing. 

(2) Reduce j^j of a guinea to the fraction of a shilling. 

(3) Reduce ^^ of a pound to the fraction of a crown. 

(4) Reduce ^\ of a shilling to the fraction of a farthing. 

(5) Reduce ^^^ of a pound to the fraction of a half crown. 

(6) Reduce ^t^^ of a ton to the fraction of a pound. 

(7) Reduce ^^i^ of a cwt. to the fraction of an ounce. 

(8) Reduce ^^^ of a pound to the fraction of a dram. 

(9) Reduce ^gj^g of a mile to the fraction of a yard. 

(10) Reduce 5 ^^^5 of an hour to the fraction of a second. 

Note. In questions such as the following reduce the given quan- 
tity to the lowest name in it for the Numerator, and reduce the de- 
nomination it is required to be reduced into the same name for the 
Denominator. 

(1) Reduce 7d. to the fraction of a pound. 

(2) Reduce 4^c/. to the fraction of a shilling. 

(3) Reduce 9|c/. to the fraction of a guinea. 

(4) Reduce lys, 8d. to the fraction of a pound. 

(5) Reduce 7s, H^d. to the fraction of a pound. 

(6) Reduce 4 pounds 3 drams to the fraction of a cwt. 
If) Reduce 7| drams to the fraction of a pound, avoirdu- 
pois. 

(8) Reduce 8 pennyweights, 17^ grains, to the fraction of 
a pound troy. 
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(9) Redoce 7 fc>ll(K)s, 8} pints, to the fitaction of & hqgB- 
head of wine. 

(10) Reduce 5 days, 3 hours, 17 minutes, to the fraction 
of a year. 

(11) Reduces yards, S} feet, to the fraction of a mile. 

(13) Reduce 3 roods, 5 perches, to the &acti<»i of an acre. 
(IS) Reduce 7 furlonss, 4 poles to the fraction of a mile. 

(14) Reduce B^d. to the fraction of a crown. 

(15) Reduce 6f. lO^d. to the fraction of a half-guinea. 

(16) Reduce 13 pounds, 4- ounces, to the fraction of a ton. 

(17) Reduce 7 pennyweights, 18 grains, to the traction of 
an ounce. 

(18) Reduces bushels, S pecks, to the fraction of a quarter. 

S19) Reduce 5 ounces, 7 grains, to the fraction of a M. troy. 
20) Reduce 2 roods, 1 7 perches, to the fraction of an acre. 
(21) Reduce 24 seconds to the fraction of an hour. 
(32) Reduce 15 hours, 15ininutes, tothefractionof aday. 



To find the value of a fraction. — Reduce the Numerator 
into the next inferior name, and divide by the Denominator. 
Reduce the Remainder into the next lower name and divide 
again, and so on as far as necessary. 

What is the value of 

(IS) ■f; of an acre? 



(1) jjfi of a pound? 

(2) I of a shilling? 

(3) jUjofaguinea? 

(4) J(! of a pound? 

(5) S;i of a pound? 

(6) a'l.Vi'jofacTOi. f 

(7) lEh ofapound. 
(H) ^^lH,, of a pound, troy? 

■(9) j",^( ofahhda. ofspirits? 

(10) ri^!3n''fay.*""'f 

(11) TsVaBof"""^? 



(IS) "', ofa 

(I*) V, "fa 

(15) a ofa half-guinea P 

(16) v,,;j5 ofa ton? 

(''/) ] kJ of an ounce, troy? 

(18) I'l of aquarter? 

(19) Si impounds, troy? 

(20) ^"g"j of an acre? 

(21) , !a of an hour? 

(22) H of a day? 



pnuBLEM X. 

To find the least common Multiple of any aaies of num- 
bers. — Place the given numbers in a line and divide any two 
or more of them by a common Divisor, placing the Quotients 
and undivided numbers below ; repeat the process till the 
numbers will not divide and the Product of the Divisora, 
Quotients and undivided numbers will be the least conmion 
Multiple. 
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The least common multiple of 1^ 2, 3, 4^ 5, 6, 7, S, 9. 
2)1, 2, 3, 4, 5, 6, 7, 8, 9 



2)1, 
«)1, 


1, 
1, 


s, 

8, 


2, 


5, 
5, 


3. 
9. 


7. 
7, 


4, 
8. 


9 
9 


8)1, 


1, 


3, 


.1, 


5, 


s. 


7, 


i. 


9 



1, 1, 1, 1, 5, 1, 7, 1, S 
2x2x2x3x^X7X3=2520 least common multiple. 

(2) Find the least common multiple of 7, 64, 48, 84, 72. 

(3) What is the least common multiple of 4, 4, 10, 8, 6, 
9,8,6? 

PROBLEM XI. 

To find whether one fraction be greater or less than another 
in value. — Multiply each Numerator into the other's Denom- 
inator, and if the Products are equal the fractions are so ; 
otherwise the Numerator of the ^ater fraction multiplied 
hy the Denominator of the other will be the greater Product. 

(1) Which fraction is of the greater value J or §? 

7X6 = 42 

5 X 9 £= 45 thus f is of the greater value. 

(2) Is f or {I of greater value? 

3 X 28 = 84 

4 X 21 =84 they are of equal valu^. 

(3) Which fraction is of the greater value § or | ? 

5 X 5 = 25 

4 X 8 = 32 I the greater value. 

PROBLEM XII. 

1. To reduce a fraction to a given Denominator.-->As the 
Denominator of the given fraction is to its Numerator, so is the 
Denominator of the required fraction to its Numerator. 

(1) Reduce ^\ to a fraction of the same value whose de- 
notninatcNr shall be 44. 

(2) Reduce ^ to a fraction of the same value whose de* 
nominator shall be 21. 

(3) Reduce f to a fraction of the same value whose denom- 
inator shall be 81. 

2. To reduce a fhiction to a given Numerator.-— As the 
Numerator of the given fraction is to its Denominator, so id 
the Numerator of the required fraction to its Denominator. 



(5) fofS + Aofi- 

(6) p + {* + H-, ,. 
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(1) Reduce f to a fraction of the same value whose nu- 
merator shall be 9. 

(2) Reduce f to a fraction of the same value whose nu- 
merator shall be 12. 

(3) Reduce g to a fraction of the same value whose nu- 
merator shall be 45. 

ADDITION. 

Rule. Reduce the fractions to a common Denominator ; 
add the Numerators and under their sum write the com- 
mon Denominator. 

0) if + T-T + f 
(2) A+T°T+W- 
(S) /T + J+i+TV 

(*) 14 + if + if 

Note 1. When mixed numbers are given, find the sum of the 
fractions as before ; to which add the integers. 

(8)m-7i + 8j. (9) 9^ + 6+8 + m. 

(10) s + 6^ + 1^ + 5i|, 

Note 2. When fractions are of different names reduce them into 
the same name by Problem 9, and add as before, or find their value by 
Problem 9, and add as in Compound Addition. 

^11) I shilling 4- ^\ pound. 

,12) f shilling + f pound + f guinea. 

(IS) I pound + \ ounce + f pennyweight 

(14) I crown + ^^^ pound + /^ guinea. 

(15) I pound + f cwt. .+ f ton. 

(16) f quarter + f bushel + f peck. 

(17) f hour + ySg day + f week. 

(IS) A borrowed at one time £84j\. at another time 
f 17f. at another 18|*. at another time llfrf. how much did 
he borrow in all ? 

(19) Bought cotton 4? cwt. + 18| pound + 28} f pound 
+ 1 3^ ounces^ how much was bought in all ? 

(20) Suppose I have | of a manufacturing concern and I 
purchase ^^ more^ how much of it belongs to me. 

SUBTRACTION. 

Rule. Having reduced the fractions as in Addition find 
the difference of the Numerators; under which write the 
common Denominator. 

Note. In mixed numbers first subtract the frictions and if the 



fi 
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Numerator of the Subtrahend exceed that of the Minuend, anbtnct 
it from the common Denominator, and to the Remainder add the 
Numerator of the Minuend for the Numerator of the Iraction, then 
add one to the unit's place of the Subtrahend. 



(1) f-A- 

(2) il-lV 

(3) A-i'Tofi. 

(*) ii-u- 

(5) H — /it off. 

(6) T»T-^0f4. 

(7) «i-4|. 



(8) 

(9) 
(10) 

(11) 
(12) 

(IS) 

(14) 



7V 
8* 



15 — }. 
18— 5|. 
132 — 44. 

|t\ - tV- 
£\i — ^ crown. 



(15) Paid a debt of 7i\ pounds out of a purse containing 
9 jV guineas, how much remained ? 

(16*) A person possessed J ^ of an estate^ sold } of his share, 
how much remained? 

(17) What part of a spinning concern remained aftpr ©oil- 
ing 4 of | + J of ?. 

(18^ P-n-"—' *^- J«fl^rence m troy weight between the 
uunce troy and the ounce avoirdupois, the latter being equal 
to 18 pennyweights, 5J| grains, troy. 

MULTIPLICATION. 

RuLfi. Multiply all the Nun)ei*atoirs together for the Nu- 
merator of the Product ; and all the Denominators together 
for its Denominator. 

Note. Aeduce the integers and mixed numbers to improper 
fractions. 



(1) 

(2) 

(3) 
(4) 

<^) 
(6) 

(7) 



H X if. 

T\X|off. 

I of 1^1 
8X4. 



XiV 



8|X 



A- 



(8) 

(y) 

(10) 
Ul) 
(12) 
(13) 



7XiV 
16 X|. 
5| X Hi. 
l«l'« X llf 
Si X 4|. 

f— iof Jx7Si. 



(14) What is the value of | pound of yam at £}|. per 
pound? 

(15) What is the value of } acre at £2/i. per acre ? 

(16) What is the value of 17j\ yards at 7'(\*. per yard ? 

(17) What is the value of f ounce of silver at £S^. per 
pound? 

DIVISION. 

RoLB. Invert llie Divisor, and proceed as in Multiplication. 



(■) 


U)!J- 


(«) 


Mi,;- 


(S) 


W),V.",- 


W 


l°fi).V.- 


(5) 


MUi- 


9 


n=i- 
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NoTK. Beduce the int^en uid mixed numbm to impropet 

(8) A)2A- 

(9) 1)12. 

(10) Ui)60il. 

(11) n|)2i3||. 

(12) 4g)17!i. 
, - - , (13) T^)7iV 
J) 
(IM If 7^ pounds of yam cost 38|f. what is the price pet 

pound? 

(15) A farm of 17^i acres was rented at f 14,'^. what 
was the rent per acre f 

(16) A man performed a piece of work in 6{f days, what 
part did he perform in one day t 

{If) II.™- many stones each 13J inches hy 7i will lay a 
room 40J feet long and saj o. i» '' * ' 

Note I. If the Uiviaor and Dividend have both the same ix^ — 
inator, tbe QuotieDt ma; be found by dividing une Numerator bj the 

Divide aj by |. Divide ^S by H- 

Note >. It' tbe Divisor and Dividend have each the same Numer- 
ator ; divide one of the Denominatora by the other, which wiU give 
the Quotient required. 

Divide 1^ by |. Divide J by j'V. 

Note 3. If the Numerator and Denominator of the Dividend can 
be divided witfaDUtaBeniainder,bv the Numerator and Denominator 
of the IM visor, their Quotients wiU answer the question. 
Divide ^g by f. 
Note 4. If a number can be found that will Divide both the Nu- 
merators, ur both the Denominators without a Remainder, use those 
Quotients and the result will be in its lowest terms. 



PROPORTION. 



It £360, what will J J of tbe « 



n 60^ feet long and 33^ wide 7 
(d) Tbe height of a stafk tram the ground ia fig feet, and 
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caste a shadow S/, £eet Required the height of a ateefde 
which casts a shadow of S^O^ feet. 

(4) If an iron bar^ 2 feet long^ S inches hroad, and 1 inch 
thick, weighs 18 lbs. what will be the weight of another har 
of inm, which is 7 feet long, 6 indies hroad, and $i inches 
thick? 

(5) A haystack, 7 yards long, 3\ yards broad, and 4 yards 
high, was sold for £23.. 10. ; and if another stack, lj2 yards 
long, 7^ broad, and 3^ high, be valued by the former, what 
will it come to? 

(6) If a rectangular box, S feet long, 2 feet wide, and 1^ 
deep, hold 13 bushels of grain, what must be the depth of a 
box, 7 feet long, and 5 feet broad, to hold 146 bushels ? 

(7) If a sheet of metal, 3 feet in length, 18 inches broad, 
and f of an inch thick, weigh 10 M#. required the thickness 
when a sheet of the same metal, 4 feet by 3 inches, weighs 
only 2 lbs. 

(8) A roof, which is 24| feet, by 14^, is to be covered with 
lead at 8 U)s. to the square foot How many pounds of lead 
will be wanted ? 

(9) Admitting the length of the lever to be 7^ inches the 
long arm, the short arm ^ inch, the weight hanging If lbs. 
what will be the weight on the front roller ? 

(10) Admitting the pressure on the front roUer to be 26^ 
lbs. the distance from the bridle to the front roller f of an 
inch, and from the bridle to the back saddle, where it presses 
on the centre of the back roller, is 2^ inches, the weight on 
the back roller is required. 

(11) Admitting the weight on the front roUer to be 194 
lbs. the short arm ^ inch, the weight hanging 20 oz. required 
die length of the long arm. 

(12) If the long arm be 71*^ inches, the weight on the 
front roller 19^ lbs. and the weight hanging 20 oz. required 
the length of tne short arm. 

(13) The front roller of a drawing frame is l^inch di- 
ameter, the delivery roller 2^ inches diameter, on its axis is a 
pulley of Si inches diameter, required the diameter of the 
puUey on the front roller. 

(14) The front roller is 14 inch diameter, on its axis is a 
pulley of If inch diameter, the delivery roller is 2^ inches 
diameter, required the diameter of a pulley to be pmced on 
Uie axis of the delivery roller. 

(15) The front roller ^s 1^ inch diameter, on its fixis is a 



70 A SYSTEM OF 

pulley of If inctk, that turns a pulley of 3^ inches diameterj 
required the diameter of the delivery roller. 

(16) If the diameter of the front roller be 1 1 inch, having 
on its axis a pinion of 16 teeth, that turns a wheel of 72 teeth 
on the axis of the mendoza shaft, what will be the diameter 
of the mendoza pulley, to draw out the carriage equal to 
what the rollers deliver?* 

(17) If a set of rovings weigh 5^ lbs. with a pinion of 48, 
what pinion will a set of rovings require to weigh 6| lbs, f 

(18) If a set of rovings weigh 7| lbs, with a pinion of 36, 
what will a set, weighing 6§ lbs. require ? 

(19) If a set of rovings weigh 94 oz, with a 40 pinion, 
what weight will a 44 pinion deliver at the same rate ? 

(20) There is a wheel of 31 teeth drives one of I9 teeth, 
and the latter drives one of 17 teeth. Required the number 
of turns each wheel must make before they arrive at the same 
point they set out from. 

(21) A certain dial plate is divided into 73 divisions, over 
which move three indexes ; the first moves over 5 divisions, 
the second over 8, the third over 10, in the same space of 
time (in one hour.) Supposing all to start together, how 
many hours will elapse before they all come to one point for 
the nrst time ? 

(22) Another dial plate has J 34 divisions, over which move 
2 indexes ; the first goes over 1 1 divisions in ^ minutes, the 
second over 1 7 divisions in 3 minutes. Supposing them to 
be placed exactly opposite each other, how many times will 
they go round the dial before the nimbler overtakes the 
slower ? 



DECIMAL FRACTIONS. 



A DECIMAL fraction is that which has 1, with a cipher or 
ciphers for its denominator, as ^, tJoo» 

Hence in Decimals, the unit is divided into 10, or 100, or 
1000 equal parts. 

The Numerator only is written ; and it must have as many 
places as there are ciphers in the Denominator ; and when it 
nas not, so many ciphers must be placed before it in order to 



* From the Answer subtract i inch for the diameter of the mendoza 
band. 
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supply the deficiency; and the point is placed on the left 
band to distinguish it from an integer, 'i^hus the Denomi- 
nator is easily known : for it consists of 1^ with as many ci- 
phers as there are places in the Numerator; as '7 or j\, *26 
or ^%%, -057 or ^Vo*^. 

Hence a cipher oh the left diminishes the value of the sig- 
nificant figures 10 times ; but an the right hand it makes no 
alteratiim. 

Decimals are divided into terminate and interminate ; for 
which see Problem 1. Reduction. 

ADDITION AND SUBTRACTION. 

Place like names under like names, which is readily done 
by placing the decimal points under each other, then proceed 
as in Integers. 

(1) 478-63 + 89005 + 5437-25 + -000125 + 9175 + 
641-2375. 

(2) 6-75 + 89*5 + -00009 + -502 + 7-548. 

(3) 51-416 + 915-13 + -04751 + -005819 + "000045 + 
-01018. 

(4) 74-874 + 81-33486 + -0974 + 1-0718 + 88-71034. 

(5) 61-371568 + -0091 + -06371 + -0008714 + 43-814 

(6) 71-48 — 35-71. (7) 87-31 — 6-871496. 
(8) 3-187 — 1-00007. (9) '6748 — '377. 
(10) 1-000009 — -784163. (11) 4-001 — -374. 
(12) -00078 — -000069. 

MULTIPLICATION. 

Rule. Proceed as in Integers, and point off as many deci- 
mals in the Product as there are in both Factors. If the 
Product has not so many, supply the defect by prefixing 
ciphers. 



(1) 74869-3 X -673 

(2) 8914-714 X 6-7 

(3) 71-807 X 0009 

(4) -0714 X -013 

(5) 91-07 X -03 

(6) 58-62 X -3 



(7) 74-58 X -083 

(8) -987 X 642 

(9) -078 X -004 

(10) -478 X -038 

(11) 748 X -6 

(12) 891 X -72 



To multiply by a unit with ciphers^ remove the decimal 
point as many places towards the right hand as there are 
ciphers. 
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(IS) 7S14 X 10 (14) -98516 X 10000 

(15) 6*87146 X 1000000 

DIVISION. 

Rule. Proceed as in Integers, and point the Quotient^ so 
that there may be as many decimal places in the Divisor and 
Quotient together as there are in the Dividend. But if the 
Divisor have one, two, three, or mwe decimals than the 
Dividend, a similar number of ciphers must be added to the 
Dividend, and the Quotient will be a whole number. 

Note 1. In case of a Remainder, the Quotient may be carried to 
any degree of exactness by annexing ciphers in terminate decimaU^ and 
the repeating, or circulating figures in interminats onet» 

Note S. To divide by a unit, with cipbera, remove the decimal 
point in the Dividend as many places towards the left hand as there 
are ciphers in the Divisor. 

(1) •11)1-4641 

(2) •8204)*504020944 

(3) 23M 5) 1 836-88305 

(4) 531 46)22 118-6052122 

(5) •01548)-04888501956 

(6) -841 659 l)'0O3026606 1236 



(7) -25)784689-5 

(8) •75)87486-125 

(9) -00785) 8741685 

(10) S3-85)374l6-556 

(11) -785)18 

(12) 1000)7486-35 



REDUCTION. 



PROBLEM 1. 



To reduce a vulgar fraction to a decimal. — Divide the 
Numerator, with eiphers annexed to it, by the Denominator, 
and point as many places for decimals in the Quotient as you 
have added ciphers to the Dividend. 

Note. If the Division terminate without a Remainder, the decimal 
is said to heJlniiCf or temAnate ; if not, it is called itUen»Hnaie. 

An interminate decimal is either a repeater, when the same 
figure is constantly repeated; or a circulate, when several 
recur in their order. And the repeater, or circulate, is said 
to be pure, when the repeati^ig figures begin at the decimal 
point ; or mixed, when tnere are other figures before them. 



(1) Reduce i to a decimal. 

(2) Reduce | to a decimal. 

(3) Reduce | to a decimal. 

(4) Reduce | to a decimal. 

(5) Reduce | to a decimal. 



(6) Reduce ^ to a decimal. 

(7) Reduce | to a decimal. 

(8) Reduce | to a decimal. 

(9) Reduce ^ to a decimaL 
(10) Reduce ^^ to a dedinal. 
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(11) Reduce | to a decimal. 

(12) Reduce ^j to a decinoal. 
(IS) Reduce xi^^s- to adedmaL 

(14) Reduce ^\ to a decimal. 

(15) Reduce ^^ to a decimaL 

(16) Reduce f to a decimaL 

(17) Reduce Y^^ to a decimaL 



(18) Reduce | to a decimaL 

(19) Reduce ^^ to a decimal. 

(20) Reduce y^ to a decimaL 

(2 1 ) Reduce ^ to a decimal. 

(22) Reduce }| to a decimaL 

(23) Reduce | to a decimal. 

(24) Reduce |i^ to a decimal. 



PROBLEM II. 



To reduce a decimal to a vulgar fraction.— The given de- 
cimal will.be the Numerator; and a unit, with as many ci- 
Ehers annexed as there are figures iri the decimal, will be the 
denominator of the required firaction, which reduce to its 
lowest terms. 



(1) Reduce *5 to a vulgar fraction. 

(2) Reduce '25 to a vulgar fraction. 

(3) Reduce '75 to a vulgar fraction. 

(4) Reduce * 125 to a viugar fraction. 

5) Reduce *625 to a vulgar fraction. 

6) Reduce -34 to a vulgar fraction. 

(7) Reduce "375 to a vulgar fVaction. 

(8) Reduce '005 to a vulgar fraction. 

(9) Reduce '078 to a vulgar fraction. 



I 



PROBLEM III. 

To reduce numbers of a lower name to the decimal of a 
higher. — If the given number be simple, divide by the value 
of the highest, annexing as many ciphers as necessary ; if a 
compound number, reduce the lowest part to a decimal of 
the next higher name, prefixing the given part of that name ; 
reduce the number thus obtained to a decimal of the next 
higher name, and so on, as far as required. 

(1) Reduce Qd, to the decimal of a £. 

(2) Reduce 10^. to the decimal of a £. 

(3) Reduce 1 7^. ^' to the decimal of a £. 

(4) Reduce I2s. S\d. to the decimal of a £. 

(5) Reduce 19^* ^ If^- to the decimal of a £. 

(6) Reduce 14^. 3^d. to the decimal of a £, 

(7) Reduce 3s, 4fd. to the decimal of a £. 

(8) Reduce 6s. 8d to the decimal of a £. 

(9) Reduce I3s. 4c^. to the decimal of a £• 

(10) Reduce lid. to the decimal of a £. 

(11) Reduce 4^d. to the decimal of a £. 

E 
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(12 
(IS 
(14 
(15 
(16 

(17 
(18 

(19 
(?0 

(21 

(22 

(23 

(24 

(25 

(26 

(27 
(28 

(29 
(SO 

(SI 

(S2 

(33 

(34 

(35 

(36 

(37 
(38 
{S9 
(40 
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Reduce |^. to the decimal of a £. 
Reduce 7 lbs. to the decimal of a cwL 
Reduce 8 lbs. to the decimal of a ctvt. 
Reduce 17 lbs. to the decimal of a ton. 
Reduce 18 civt. 13 lbs. to the decimal of a ton. 
Reduce 11 oz. 17 dmts. to the decimal of a lb. 
Reduce 13 dwts. l6grs. to the decimal of a lb. 
Reduce 5 dwts. 1 2 grs. to the decimal of an oz» 
Reduce 7 02. 14 drs. to the decimal of a ctvt. 
Reduce 10 oz. 12 drs. to the decimal of a tb. 
Reduce 3 oz. 14 dtvts. 8 grs. to the decimal of a lb* 
Reduce 3 qrs. to the decimal of a yard. 
Reduce 1 qr. 2 n. to the decimal of a yard. 
Reduce 6jur. 5 p. to the decimal of a mile. 
Reduce 2 r. 11 per. to the decimal of an acre. 
Reduce 10 in. 8 pts. to the decimal of a foot 
Reduce ll£i?. to the decimal of a shilling. 
Reduce lOd, to the decimal of a shilling. 
Reduce 7id. to the decimal of a shilling* 
Reduce 12s. 4fe^. to the decimal of a guinea. 
Reduce St^ds. 2 ft. 11 m. to the decimal of a pole. 
Reduce 7 ^* 6 hrs. to the decimal of a year. 
Reduce 7 hrs. 9 m. to the decimal of a day. 
Reduce 22 m. 3 sec. to the decimal of an hour* 
Reduce 3 le. 27 thr. to the decimal of a hank. 
Reduce S6yds. to the decimal of a hank. 
Reduce 2^ yds. to the decimal of a lea. 
Reduce 30 yds. to the decimal of a hank. 
Reduce 4 le, to the decimal of a hank. 

PROBLEM IV. 



To find the value of the decimal in parts of the integer.*-— 
Multiply it by the number of times the integer contains the 
next lower name^ and point off as many decimals from the 

Sroduct towards the right hand as there are in the given 
ecimal ; the figures on the left hand are integers of the said 
lower name; reduce the figures pointed off into the next 
lower name^ and point off as before. Proceed thus as far as 
necessary. 

(1) What is the value of •0375£.? 

(2) What is the value of •04l6£.? 

(3) What is the value of •875£. ? 

(4) What is the value of •634375£. ? 

(5) What is the value of •9989583£. ? 



(6 

(7 
(8 

(9 
10 

11 

12 

13 

14 

15 

L6 

17 
18 

19 
20 
21 
22 
23 
24 
25 
26 

27 
28 

29 
30 
31 
32 
33 
34 
35 
36 
31 
38 

39 
40 
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What is the value of 714583je.? 

What is the value of '16£. } 

What is the value of •3£. ? 

What is the value of '6£. ? 

What is the value of •04583£. ? 

What is the value of -0 1 S75£. ? 

What is the value of •003125je. ? 

What is the value of *0625 cwL f 

What is the value of '071428 cwL f 

What is the value of 007859 ton ? 

What is the value of *9058 ton ? 

What is the value of -9875 lb. troy } 

What is the value of -05694 lb. 9 

What is the value of -275 oz. troy ? 

What is the value of -004394 cwi. 9 

What is the value of -67 1 875 lb. avoirdupois? 

What is the value of -30972 lb, troy ? 

What is the value of -75 yard ? 

What is the value of '375 yard ? 

What is the value of -765625 mile ? 

What is the value of -56875 acre ? 

What is the value of -8 foot ? 

What is the value of -916 shilling? 

What is the value of -83 shilling? 

What is the value of -625 shilling ? 

What is the value of -59027 guinea? 

What is the value of -718253 ton? 

What is the value of • 1 085 perch ? 

What is the value of -019803 year? 

What is the value of -2979 day ? 

What is the value of -3675 hour? 

What is the value of -3875 hank ? 

What is the value of -4825 lea ? 

What is the value of -375 thread ? 

What is l^e value of -125 stretch ? 



OF INTERMINATE DECIMALS. 

A REPEATER IS marked with a point above it^ and a circulate 
with a point over the first and last figure of the circle. 
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REDUCTION, 

PROBLEM I. 

To reduce an interminate decimal to a vulgar Action. 

1. If it be a pure repeater or circulate^ place 9 for the 
Denominator of the repeater^ or 9 ^or every figure of the 
cirde. 

•••••• • • 

Reduce •?, % '27, "962, '428571 to a vulgar fraction. 

2. If the decimal be mixed^ subtract the finite part from 
the whole^ the Remainder is the Numerator^ and for the De- 
nominator place 9 for every repeating figure^ with a cipher 
annexed for every finite place. 

. •• • •• •• 

Reduce -583, '2954, '16, *045, -65296 to a vulgar fraction. 

PROBLEM II. 

To value an interminate decimal. 

1. If it be a repeater, carry at 9 instead of 10 on the right 
hand, and if there be a cipher on the right of the Multiplier 
instead of it annex the repeating figure of the Product 

. • . . 

Value £-888, -5686 crown, '3725 cfvt. -6742 mile. 

2. If it be a circulate, multiply as usual, and to the right 
hand figure of the Product add the carriage froaax the left of 
the circle. And if there are 2 or more lines of the Product 
to be added, the circles must be carried the 9sme length in 
them all, and when adding, the carriage from the left of the 
circle must be added to the right hand figure of the sum. 

■ • • • .... 

Value -6745 gumea, -419644 cwL, £-75307, '84725 acre. 

PROBLEM III. 

To make circles similar. — Make all the circles begin on the 
right side of the longest finite part, and extend them till the 
same figures begin to be again below one another, and then 
the cirdes are complete. 

.. .. .. .. .• 

Make '36 and -468, '4854 and '762927, *3 and •26418 and 
. . 
-405 similar. ' 
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ADDITION. 

1. When there are only repeaters^ extend them one place 
farther than the longest nxdte, and carry at 9 on the right 
hand. 

• • • • 

(1) Add '3S13 and 42 and '5216 and '94724. 

(2) Add 15i + 3^+^\ + 16| + JJ + 7J. 

(S) £3..6^S. + £7..19-.H. + £l0..12..6i. + 19*. 6d. + 

2. When there are circles make them similar, and to the 
right of the sum add the carriage from the left of the circle. 

. • • . • • 

(4) -7154 + -3153 + -8724239. 

• • • . • . 

(5) -7926732 + -3 + -516 + -405. 

(6) ? + ? +A + J» + H. 

(7) H+m+h + i + jV 

SUBTRACTION. 

1. Extend the repeaters one place beyond the longest finite 
and borrow 9 on the riffht when necessary. 

2. Make circles simihir, and subtract as usual ; but if there 
be a carriage from the left of the circle it must be taken from 
the right hand figure of the remainder. 

(1) -714583 — -634375. 

(2) -525 — -3. 

(3) -9989583 — -0291 6. 

(4) -6428571 — -17857142. 

(5) U - I- 

(6) 18^ - 4^,. 

(7) 71 - 3 A- 

(8) Iljf_5§?. 

MULTIPLICATION. 

I. If the Multiplicand be interminate cany at nine on the 
right of the repeater; or multiply as usual ina circulate, and 
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to the right of the Product add the carriage from the left of 
the circle, and before adding extend the repeaters the same 
length in each Product, and make the circles similar. 

Note. Instead of annexing ciphers to the Product annex the re- 
peating figures. 



(1) -16 X 7. 

a 

(2) 27-088 X 9. 

(3) -406 X 52. 

(4) 27-883 X 8-75. 



• 

(6) 84-7 X 8000. 

(7) H X 7. 

(8) 7H X -05. 

(9) A X 20. 

(10) 4-3^ X 600. 

(11) S6'53/^ X 58f. 

(12) A X iJ. 



(5) 79-6 X 50. 

2. If the Multiplier be interminate reduce it to a vulgar 
fraction, then multiply by the Numerator and divide by the 
Denominator. 



(13) -625 X 3. 

a 

(14) 87-2 X -07. 

(15) -845 X -48. 

(16) 87-34 X 2-67. 

(17) -623 X -06. 

(18) -309 X -46. 

(19) -825 X *S6. 



(21) 16-145 X -5729. 

(22) -7216 X -54. 

• • ■ 

(23) -943 X -2172. 

(24) -635 X 9*481. 

(25) 67H X f. 

(26) 8H X ii- 

(27) f of 3 X 3 A- 

(28) 6,'. X 4^. 

(29) 8^ X I of f 

(30) n X if. 



(20) 64-85 X -772. 
Note. To multiply by -3 take } of the Multiplicand, and to mul- 
tiply by '6 subtract J of the Multiplicand from it. 

DIVISION. 

1. If the Dividend be only interminate^ divide as in finite 
decimals^ but annex the repeating figures instead of ciphers, 
in order to carry on the division. 
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2. If the Divisor be interminate, reduce it to a vulgar frac- 

tion, then multiply by the Denominator and divide by the 

Numerator. 

• . 

Note. To divide by '3 multiply by 3, and to divide by •« add | 
of the Dividend to it. 



0) 


4)5-16. 


(10) 


•3)8-962. 


(8) 


• • 

7)3-370. 


(n) 


4«-3)36S-5407. 


(3) 


37)4-1.9662. 


(12) 


-45)9. 


(4) 


a 

6-25)73-416. 

• 


(13) 


19-89)18698. 


(5) 


1-5)1506. 


(14) 


. . . a 

•84)17-45a 


(6) 


•05)169-3. 


(15) 


-6)-34740. 


(7) 
(8) 


• a 

•5)75-26. 
• 
•7)-1134. 

a 


(16) 

(17) 
(18) 


a . 

•296)-24835. 
7m of i J. 

A)iofi?- 


(9) 


•4)23-5 








PROPO 


RTION. 





(1) If 3-5 ounce of cotton be spread 7'5 feet long, what 
portion o£ a hank will it be ? 

(2) If the cotton delivered from the drawing frame is 2-5 
hanks in the pound, what will be the weight of 90 yards ? 

(3) If cotton be spread behind the cards 6*75 feet, and is 
increased as one to 38-375, what will be the length in hanks 

delivered ? 

(4) How many deals, 12-5 feet long, 1'75 inches thick, are 
equivalent to 4500 deals, 14*25 feet long, 2-5 inches thick ? 

(5) If one spindle of a throstle in 11*75 hours turn off 
4'875 hanks. How much will 240 spindles turn off in 69*375 

hoars? 

(6) Four furnaces are employed for running iron ore mto 
pig, the lst.2nd. and 3rd, will run a certain quantity in 1 2 days, 
the 2nd. 3rd. and 4th in 14 days, the 3rd. 4th. and 1st. in 15 
days, tbe 4th. Ist and 2nd. in 18 days, in what time will they 
all perform it working together ? 
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(7) A beam 20*375 feet long^ and supported at bcyth ends 
bears a weight of 2*4875 tons at the distance of 8*425 from 
one end ; required the weight on each support. 

(8) A plank is 1 4*25 feet long, at what distance from the 
edge must a line be struck to cut off a square yard exactly ? 

(9) A square girder is 1*583 feet by '9^^ foot^ and one with 
a quarter of the timber in it will answer if it b^ *75 foot deep, 
how broad will it be ? 

(10^ Two bodies in motion the weight of one is 100*75 ibs. 
the other 60*375 U)s, the less body is impelled with a force 
8*125 times greater than the other, required the proportion 
of their velocities. 

(11) Of two bodies the one contains 8*416 times the mat- 
ter of the other, and is moved with a force 48*326 times the 
other, the ratio of their velocities, is required. 

(12) If the weight of a set of rovings be 10^ ^'- and I 
put 340 stretches on, the length of the stretch 54 inches, the 
number of spindles 252, what will be the hank roving ? 

(13) Admitting the draft to be 11*5, the altering pinion 
24, woat will the draft be if the pinion be changed to 28 ? 

(14) What weight of water will be contained in a pipe 
whose content is 9*4^48 inches, allowing one cubic foot or 
1728 inches to weigh 1000 ounces? 

(15) Required the number of gallons of water in a pipe, 
its contents being 21092*38 inches. 

(16) In I pound avoirdupois, how many pounds troy? 

(17) What decimal of a pound avoirdupois is ] pound 
troy? 

(18) If a cast iron pipe 15 inches diameter, | of an inch 
thick be sufficient for a head of water 600 feet high, what 
must be the thickness of a pipe 10 inches diameter for ahead 
ofS60 feet high? 



COMMISSION 

Is the allowance due to an agent for buying or selling goods, 
negociating bills, &c. 

RuLR. Multiply the value of the transaction by the rate, 
and divide the Product by 100. 

If the rate contains a fraction, take parts for it. 

Or, take same parts of the value that the rate is of £ 100. 

(1) What is the commission on c6l764..l6..6. at £s^, per 
cent.? 
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(2) What is the commission on £4S6.. 13. at £2|. per cent.? 

(3) What is the commission on £978. at £^^. per cent ? 

(4) What is the commission on £ I Mi, at 2«. 6</. per cent ? 

(5) What is the commission cm £9^7* at 3#. 4</. per cent. ? 

(6) What is the commission on £937- at 7'* 6dL per cent ? 

(7) What is the commission on £754..14..4. at 4«. per 
cent? 

(8) What is the commission on £598. at 4«. ()dL per cent ? 

(9) What is the commission on £675. at 2«. 9^^. per cent ? 

(10) An affent charges £4^. per cent commission^ and 
risk of bad debts. His sales in a year amount to £14780. 
and his losses to £230. What is his neat income ? 

(1 ] ) What is the allowance due to a broker for procuring 
insurance to the amount of £2840. at 3« 9^. per cent ? 

(12) Rendered an account, sales of 300 bags of cotton ; the 
gross amount came to £2220. duty, freight and other charges 
S754..14..8. commission £2^. per cent. 

(13) Purchased goods for my employer to the amount of 
£654..14..8. and sent them according to order; packings 
porterage and cartage £4..3..8. ; commission £2|. per cent 
Requir^ the amount of the invoice. 



INSURANCE 



Is a contract, in which the underwriter en^^ages to repay 
losses sustained by the insured, in consideration of a certain 
allowance called premium. 

Case 1. To find the premium, work as in Commission. 

If the rate be guineas, divide the sum insured bv 20, and 
add the Quotient to the Dividend, then proceed as if the rate 
were pounds. 

( 1 ) What must be paid for insuring property to the amount 
of £7 56.. 10 .8. at 3 guineas per cent? 

(2) What is the premium on £l940. at £3|. per cent ? 

(3) What is the premium on £2736. at 5\ guineas per 
cent? 

(4) What is the premium on £964..l6..8. at 6| guineas 
per cent ? 

(5) What is the premium on £l660. at 7i guineas per 
cent ? 

(6) What is the premium on £ 1 674.. 18. at 2«. Sd. per 
cent? 

k5 
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(7) What is the premium on £579-l^-^ at Ss. 9d. per 
cent.? 

(8) What is the premium on £720. at 5 J guineas per cent. ? 

Case 2. To 6nd how much will eover a given sum. 

Rule. Multiply the value of the property by 100, and di- 
vide by the difierence between 1 00 and the rate. 

(9) What sum must be insured, at 10 guineas per cent, to 
recover £3580. in case of loss? 

(10) What sum must be insured, to cover £2736.. 15. at 
5^ guineas per cent. ? 

(in What sum must be insured, to cover £964..l6..8. at 
6| gmneas per cent. ? 

(12) What sum must be insured, to cover £ 1560. at 7^ 
guineas per cent. ? 

(13) What sum must be insured, to cover £674.. 14. at 5 
guineas per cent. ? 

(14) What sum must be insured, to cover £730. at 4f 
guineas per cent ? 

(15) What sum must be insured, to cover £967* &t 1^ 
guinea per cent ? 

Case 3. To find how much will cover the given sum in 
the voyage out and home. 

First find, by Case 2, what will cover the given sum in 
the voyage out ; aiid then find, in the same manner, what 
must be insured to cover the sum found in the homeward 
voyage. 

(16) What sum must be insured, to cover £32041. on a 
voyage out and home, at 10 guineas per cent, each voyage ? 

(17) What sum must be insured, to cover £660. at 5 
guineas per cent ? 

(18) What sum must be insured, to cover £l280. at 8 
guineas per cent ? 

(19) What sum must be insured, to cover £800. at 7^ 
guineas per cent. ? 

(80) What sum roust be insured, to cover £760. at 4 
guineas per cent ? 

(21) What sum must be insured, to cover £840. at 3 
guineas per cent ? 

(22) What sum must be insured, to cover £3420. at 7 
guinea3 per pept ? 
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BUYING AND SELLING STOCK. 

Stock is the capital of a bank^ or trading company ; or it is 
the debt owing by Government, called the Public Funds. 

Case 1. To find the value of any quantity of stocky multi- 
ply by the rate and divide by 100. 

(1) What is the price of £ 1260. Government stock, at 
£65^. per cent ? 

(2) What is the price of £1460. three per cent consols, at 
£62^. per cent? 

{3) What is the price of £860. four per cent, consols, at 
£78^. per cent ? 

(4>) What is the price of £750. hve per cent consols, at 
£93^. per cent ? 

(5) What is the price of £l640. India stock, at £280. per 
cent ? 

(6) What is the price of £3420. bank stocky at £l72. per 
cent? 

Case 2. To find the quantity purchased by a given sum, 
multiply the value by 100, and divide by the rate. 

(7) What quantity of South Sea stock, at £73^. per cent, 
can be purchased for £850. ? 

(8) What quantity of 4 per cents, at £79i* p^i^ cent can 
be purchased for £600. ? 

(9) What quantity of 3 per cents, at £6 If. per cent can 
be purchased for £l200. ? 

(10) What quantity of India stock, at £178^. per cent, 
can be purchased for £780, 

(1 1) What quantity of bank stock, at £l84. per cent can 
be purchased for £2400. ? 

Case 8. To find the rate of interest, multiply the interest 
or Dividend by 100, and divide by the rate, or current price. 

(12) What interest will be obtained by purchasing three 
per cents, at £58^. per cent ? 

(13) What interest will be obtained by purchasing four 
per cents, at £83^. per cent ? 

(14) What interest will be obtained by purchasing India 
stock, at £173. per cent, the dividend being 9 per cent P 

(15) What interest will be obtained by purchasing bank 
stock, at £L82. per cent the dividend being £l3. per cent ? 

(16) At what price should a purchase be made in the £3. 
per cents, to secure £5^. per cent interest ? 
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(17) Bought £^500. stock in the £3. per cents, reduced 
at £6^. per cent. Inrokage £^. per cent. Required the value 
of it 

(18) If die four per cents, can be purdiased for £7^- per 
cent, what will be the rate of interest per cent. ? 

The Pars of Stocks are computed as under : 

Pars. 60 70 80 90 100 110 120 
Percent. S 3^ 4 4^ 5 5^ 6 

To equate several Stocks to one another. 

Rule. As the par of the stock ^ven is to its current prioe> 
so is the par of any other stock to its equivalent price. 

(19) When £S. per cents, are at £86^. what should £4. 
per cents, be at to aiiBlbrd the same rate of interest? 



CREDIT, AND THE TIME WHEN BILLS 
BECOME DUE IN CASH. 

Rule. Where the time mentioned is weeks, count so many 
7 days from that time. Where months, count calendar 
months ; and to bills add 3 days to the day when the time of 
any bill shall expire. 

(1) Sold goods on the 4th. of May, to be paid for in 4 
weeks, prompt. On what day of the month will the credit 
expire ? 

(2) Sold calicos aa the l6th. of June, to be paid for in one 
monui, prompt. Required the time of payment. 

(3) Bought y^am on the 17th. of March, to be paid tor in 
6 weeks. Required the day of the month when the payment 
becomes due. 

(4) Bought cotton on the 15th. of August, to be paid for 
in a bill at the end of 2 months and 14 days. Requu^ the 
day of payment 

(5) 1 have a bill, dated l6th. of October, payable 2 months 
after date. On what day should the same be paid in cash ? 

(6) Sold yam on the l6th. of May, at 3 months' credit 
and 2 months' bill, prompt. When will the bill be due in 
cash? 

(7) I have a bill, dated 14th. of February, at 3 months' 
date ; 35 days have elapsed. How many days has it to run } 

(8) Sold cotton on the 12th. of August, at 3 months and 
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14 days' credit^ and a 3 months' bilL When will the bill be- 
come payable ? 
(9) Fmd when the following accounts are due in cash. 

Credit Bill 
fit* o* tm 

June 16, Prints 2 and 2 

85, Yam 14 and 3 

28> Cotton 2 and 3 

July 4, Cotton 8 14 and 3 



INTEREST 

Is the allowance given by the borrower to the lender, for the 
use of his money. 

It is reckoned at a certain rate cm every £lOO, for a year. 

The sum borrowed is called the principal ; and when the 
interest is added to it, the sum is called the amount 

Rule. To find the interest for any number of years^-* 
Multiply by the years and the rate, and divide by £ 100. 

Or, if the Product of the years and rate be a convenient 
aliquot part, or parts of i^ 100. or can be divided into several 
such parts, take the part or parts of the principal for the in- 
terest required. 

For months, take parts of a year. 

Rule 2. To find the interest for days.^Multiply by the 
days, and twice the rate, and divide by 73,000. 

(1) Required the interest of £754..14..8|. for a year, at 
£4. per cent. 

(S) Required the interest of £92S,AS. for 8f years, at £4|. 
per cent. 

(3) Required the interest of £1256.. 14. .8 4. for 7 years, at 
£3^. per cent 

(4) Required the interest of £36.. 17-.7* for 9 months, at 
£4^. per cent 

(5) Required the interest of £2346. for 9 years and 7 
months, at £4f^i' per cent 

(6) Required the interest of £364..17-«5. for 5 months, at 
£3\. per cent 

(7) Required the interest of £560. for 7 weeks, at £4. per 
cent 
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(8) Required the interest of £l240. for I9 weeks^ at £3. 
per cent. 

(9) Required the interest of £3204.. 14. for 37 days, at £5. 
per cent. 

(10) Required the interest of £910..15. for 68 days, at 
£4^. per cent. 

(11) Required the interest of £256. from May 7, to August 
12, at £4^. per cent. 

(12) Required the interest of £l54. from January 7, to 
July 23, at £4|. per cent. 

(13) Required the interest of £630. from September I6, 
to January 23, at £4^. per cent 

(14) Required the interest of £l50. from January 7, to 
August 23, at £4f . per cent. 

(15) Required the interest of £630. from September 12, 
to January 27^ at £4^. per cent. 

(16) Required the mterest of £720. from March 8, to June 
7, at £3. per cent. 

(17) Required the interest of £230. from May 27, to Sep- 
tember ] 8, at £3^. per cent. 

(18) Required the interest of £590. from January 4, to 
May 1 7> at £5. per cent. 

For Months onlt/, at £5. per cent, per annum. 

Rule. Take the pounds as pence ; 10«. as halfpence; 5s. 
as farthings; this will give the interest required for one 
month, which multiply by the number of months given. 

(1) Required the interest of £l60. for 1 month. 

(2) Required the interest of £340.. i 0. for 3 months. 

(3) Required the interest of £478.. 15. for 6 months. 

(4) Required the interest of £l876..17..6. for 9 mouths. 

(5) Required the interest of £3476..11. for 15 months. 

For Years and Months, at £5. per cent. 

Take the years as shillings, and the months as pence, and 
divide the principal by such aliquot parts as the years and 
months form of £l . ; the Quotient will be the answer. 

(1) Required the interest of £278..l6..3. for 6 years and 
8 months. 

(2) Required the interest of £76..13..4. for 2 years and 6 
months. 

(3) Required the interest of £54>..6 .8. for 1 year and 8 
months. 
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(4) Required the interest of £86..4..8. for 7 years and 6 
months. 

(5) Required the interest of £l27..5..4. for 8 years and 4 
months. 

(6) Required the interest of £20. for 8 months. 

(7) Required the interest of £ 146. for 7 months. 

(8) Required the interest of £47d..6..8. for 9 months. 

(9) Required the interest of £104..5. for 10 mon^s. 

(10) Required the interest of £327..6..8. for 4 months. 

For Months, at any rate per cent, 

1200, divided by the Product of the time and rate, wi 
give a Divisor for the Principal, and the Quotient will be the 
interest for the time. 

(1) Required the interest of £276.. 10. 8. for 4 months, at 
£3. per cent. 

(2) Required the interest of £468. for 2 months, at £6. 
per cent. 

(3) What is the interest oi £594.. 10. for S years and 4 
months, at £5. per cent? 

(4) What is the interest of £296..8. for 5 years, at £5. per 
cent. ? 

(5) What is the interest of £58..7..6. for 10 months, at 
£5. per cent. ? 

(6) What is the interest of £S65. for 12^ months, at £8. 
per cent. ? 

(7) Required the interest of £2G4,.7..9. for 7 months, at 
£5. per cent. . 

(8) Required the interest of £500. for 4 months, at £5. 
per cent. 

(9) Kequired the interest of £l76.,4..8. for 15 months, at 
£3. per cent. 

For Days, at any rate per dnt. 

36500, divided by the Product of the days and rate, will 
give a Divisor for the Principal ; the Quotient will be the 
interest for the time. 

(1) Find the interest of £475..l6..4. for 73 days, at £5. 
per cent. 

(2) What is the interest of £576..8..9. for 146 days, at £5. 
per cent. ? 

For Days, at £5. per cent. 
Rule. Multiply the principal by one^third of the days, or 
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the days by one-third of the Principal ; the Product, divided 
by 10, will give the interest, nearly, in pence, fi*om which 
subtract one penny for every six shillings. Or, multiply the 
Principal by the given number of days, and divide the Product 
by 75^00. 

(1) Required the interest of £200. for 144 days. 

(2) Required the interest of <£l557..12..9- for 171 days. 

(3) What is the interest of <£ 1449*. 11. .5. for 81 days? 

(4) What is the interest of £83d..6..8. for 80 days? 

(5) Find the interest of £222..9 for 45 days. 

(6) How much is the interest of £518. for tS days? 

When partial payments are made, at different times, mul- 
tiply the Principal and successive balances by the number of 
days between the times of payment; and the sum of the re- 
spective products, multiplied by double the rate, and divided 
by 78,000, will give the interest. 

(1) A bill of £500. became due March 12, of which £l50. 
was paid April 7 ; £200. June 28 ; and the balance Septem« 
ber 15. How much is the interest, at £5. per cent. ? 

(2) Required the interest on a bill, dated 4th. of March, 
and payable 2 months after date, value £456. of which £ 120. 
were paid on the 18th. of June; £ll6..on the 27th. of Sep- 
tember; £l86. on the 17th. of November; and the balance 
on the 27th. of December, at £4^. per cent. 

(8) Received a bill for £1000. at 3 months' date from the 
10th. of December, and it is dishonoured; on account of 
which I have received a bill, value £800. ; it has 25 days to 
run from the time of the first bill becoming due ; cash, on the 
18th. of Mav £284.; on the 28th. of July £280.; and the 
balance on the 18th. of October. Required the interest at 
£4f . per cent. 

Interest on accounts current is often calculated up to the 
time of the latest date of any part of' the account becoming 
due in cash, whether on the Debtor or Creditor side. 

Find the interest and balance on the following account, at 
£5. per cent, up to the 12th. of December. 

Dr, Mr. J. H. in account current with J. C. Cr, 

£. £. 

May 1, To goods ... 250 June 8, Bycash...... 124 

June 28, To calicos ... 140 July 19, Bycash 280 

Aug. 11, To cottons... 840 Oct. 20, Bycash 150 

Nov. 12, To yam 221 Dec. 12; Bycash 200 
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Dr. Mr. I. N. in account current with W. M. Cr. 

Credit Bill 

m. d. m. £, #. dm 

Oct. 23, To weft 14 and 3 ... 38 7 

Nov. 6, To twist 1 and 3 ... 206 14 

27, To cotton ...... 2 and 2 ... 187 \6 

Dec. 10, To warps 1 and 3 ... 176 10 

23, To calicos, 3 months' bill m 248 17 

Cr. 

£. s. d. 

Nov. 29, By bill, 3 months 50 

By bill, 2 months 41 3 

By cash 30 18 

Dec. 27, By bill, 3 months.... 350 8 

Jan. 29, By bill, 3 months 210 l6 

Feb. 16, By bill, 2 months 54 

Dr. Mr. C B. in account current with S. N. Cr. 

Credit BUI. 

m. d. m. £. s. dm 

June 27, To cotton 1 and 2 ... 78 15 

July 5, To weft 1 and 3 ... 57 

18, To yam 14 and 3 ... 85 12 

Oct 14, To cotton, barter 174 6 

Nov. 22, To twist, present bill S5 19 

Cr. Credit Bill. 

m. d. m. £, #. d. 

July 3, By twist 14 and 3 ... 60 

25, By warps 1 and 3 ... 84 6 

Aug. 15, By bill, due 10th. of September... 43 8 

Oct. 14, By twist, barter I74 fi q 

Dec. 16, By bill, at 3 months, dated Nov. 27 38 1 6 

Dr. Mr. W. T. in account current with H. S. Cr. 

Credit Bill. 

m. m. £, s. d. 

Aug. 20, To cotton 2 and 3 148 

Sept 24, To calicos 3 down 84 6 

Oct 2, To yarn 1 and 3 109 4 

24, To prints 3 and 3 84 7 
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Cr. 



£. 



#• 



d. 










Sept 26, By bill, due 1 0th. of November 49 

By bill, date 5th. of Sept. S months ... 45 12 

Oct. 24, By cash 104 18 

Nov. 16, By biU, 95 days 64 

Jan. 27> By acceptance at 75 days, from l6th. 

of January 76 15 

When Bonds or Bills are to he ^charged hy instalments* 

Rule. Find the interest up to the time of the respective 
payments, which add to the Principal before the payments 
are deducted. 

Having found the interest at £5. per cent, whether for 
years, months or days, the interest, commission or brokerage 
for any rate under that may be found by using the Multi- 
pliers and Divisors opposite the required rate per cent, or by 
using the decimal multipliers only. 





S 

« 



..S' 






65 

625 

6 

575 

55 

525 

5 

475 

45 

425 

4 

375 

35 



^ 



I !•«* 

.s i» 

40 -325 

10 -3 

40 '275 

4 -25 
40 -225 

5 -2 
40 -175 
20 •15 

8 *125 

10 -1 

40 -075 

20 -05 

40 -025 



COMMERCIAL DISCOUNT. 
The discounts common in trade vary from the true discount. 
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the one being the interest on the bills discounted, and the 
other the interest on the money advanced. 

Rule. Find the interest upon the bills for the time they 
have to run, and half per cent, upon the amount to be dis- 
counted, which two sums deduct from the Principal and the 
Remainder will be the neat discount. 

(1) What is the discount of a bill value £678. due 40 days 
hence at 5 per cent. ? 

(2) Required the neat proceeds of a bill value £480.. 17.»9* 
due 45 days hence, and discounted at 4^ per cent. ? 

(3) Required the discount on a bill dated 25th. of Febru- 
ary at 2 months, for £348. at 3^ per cent 

(4) Required the discount on a bill dated 14th. of March, 
at 3 months, for £596. at 5 per cent. 

(5) 1 received a bill on the 1 6th. of Mav, for £l28. at 3 
months from the (ith. of April, what will the discount be at 
5 per cent, and commission 2«. Sd. per cent. ? 

(6) Discounted a bill for £500. dated 8th. of September, 
at 4 months, and received 1 bill for £240. dated 1 2th. of 
August, at 3 months; one for £l75. dated 25th. of August, 
at 3 months ; one for £48. dated 6th. of September, at 2 
months ; and the remainder in cash ; commission \ per cent. 
Required the neat proceeds. 

(7) I had an acceptance for £1250. at 6 months from the 
24th. of May ; another for £2486. at j^) months from the 18th. 
of March ; got them discounted on the 20th. of June, and 
received a bill for £750. at 3 months from the 1 0th. of June ; 
one for £640. at 4 months from the 30th. of May ; one for 
£970. at 5 months from the ] 2th. of June ; and one for £874. 
at 3 months from the 18th. of June, and the balance in cash. 
Required how much cash I ought to receive, allowing 5 per 
cent, interest and ^ per cent comniissipn. 



TRUE DISCOUNT, 

Or the method of finding how much money paid down would 
increase itself at interest at the rate and time given to a par- 
ticular sum, to be paid at a future time. 

Far Months at any rate per cent. 
Rule. Divide 1200 by the rate of discount, to that Quo- 



9S A SYSTEM OF 

tient add the time given for a Divisor. Multiply the sum to 
be discounted by the time for a Dividend^ the latter Quotient 
will be the discount. 

(1) Required the discount of £357. .10. due 9 months 
hence, at 5 per cent. 

(^) Bought cottons at 2 and 2 months' credit amounting to 
£3784. reauired the discount at 5 per cent 

(3) Sold calicos for £4960. for an acceptance at 6 months, 
what discount ought I to allow for money down at 4 per 
cent? 

(4^ Bought yarns amounting to £3985. at 3 and 3 months' 
credit, or a discount of 7^ per cent for cash, how much shall 
I have to pay down ? 



BILLS OF PARCFXS AND INVOICES. 

(1) Mr. John Dawson, Manchester^ January 4, 1833. 

Bought of Charles Mellor. 

s, d. 

8 yards o^ prints .... at 4 6 per yard 
6 pieces of lace at 12 4 each 

3 pair of black silk stockings at 14 per pair 

4 yards of | check .... at 1 2 per yard 

9 pair of worsted stockings . at 3 4 per pair 
11 pieces of shirting • • . at 18 9 each 

(2) Mr. James Hewitt, Manchester, June 20, 1833. 

Bought oi John Clegg. 

s» d» 
15 yards super broad cloth at 13 

24 super super ditto 

27 yard wide . . 

16 druggett . . . 

12 serge .... 

32 shalloon . . . 



at 13 
at 18 
at 8 


6 per yard 

9 

4 


at 6 


3 


at 2 


10 


at 1 


8 
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(S) Mr. W. 

Bought of 

#. d. 

45 pieces calico at 7 6 each 

37 grey twills, 45 yards each . at 

27 dimity, 63 yards each . . at 

6S drab nankeen, 72 yards each at 

150 white shirting, 53 yards each at 

96 cotton checks, 45 yards each at 

(4) Mr. B. 

Bought of 

s. d, 

18 demies muslinet, each 24 yards .at 2 4^ per yard 

1 6 demies jaconett, each 30 yards . at 1 lo| per yard 

24 dozen crape shawls at 54 per dozen 

12 pieces cross overs, each 64 yards .at 4| per yard 

7 pieces cotton checks, each 48^ yds. at lo} 

5 pieces sprig muslins, each 2o yds. at 2 8 



(5) Mr. 



Bought oi 

*» d. 

8 oz, drab silk thread at 24 per lb, 

6 oz. scarlet markings at 27 

3 oz, brown sewings . at 23 

14 oz. tailors' sewings at 28 4 

5 oz. tailors' twist • at 31 6 

7 oz. mixed colours • at 29 



(6) Mr. 



Bought of 

s, d. 

212 bundles No. 18 water twist, 10 lbs. each at 1 4^ per U>, 

173 No. 20 at 1 5 

278 No. 22 at 1 5i 

476 No. 24 at 1 61 

357 No. 26 at 1 7i 

435 Na28 at 1 9 
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(7) Sold woollen cloths as under, make out the account. 

No. yds. 

Steel mixture 134 154 

135 15| 

136 15^ 

46f at &. per yard. 
Blue ... 148 21 

149 glj 

42^ at 1 Is. 6d. per yard. 

Black ... 164 204 

173 \9i 

39j at 12. 6d. per yard. 

£ 
Deduct measurement £5. per cent. 

Discount £lO. per cent. 



Case, &c 18 

(8) Sold Bowds cottons as under ; make out the invoice, 
deduct 1 lb. per bag for draft, 4 lbs. per ctvt. for tare ; the 
price 9^d. per lb. discount £4^. per cent, for bill down. 

No. cfvt. qr. lbs. 

48. 3 1 15 

54. 3 2 9 

49. 3 3 14 
37. 3 22 

55. 3 2 10 
46. 3 2 13 

44. 3 1 7 
43. 3 2 25 

45. 3 3 8 

Draft. 

Tare. 

/ft*. at9irf. ^ 

Discount £ 

£ 
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(9) Make out an invoice of the sale of yams as follow^ at 
10^. per lb. for 200's. rising 4|(/. per W. at every 2 hanks. 

Bdles. No. 

10 200 hanks yam 5 Jbs. each. 

12 206 5 

16 210 5 

24 212 5 

18 216 5 

28 220 5 

And deduct j£2^. per cent for a three months' bill down. 



EQUATION OF PAYMENTS. 

To find the time when two or more debts due at as many 
different times may be paid at once. 

Rule. Multiply each debt by the time which it has to run 
before it be due ; the sum of these Products divided by the 
sum of the debts will quote the equated time nearly. 

(1) I owe £60. in 40 days, £80. in 60 days, and £l20. in 
108 davs, when ought the whole to be paid ? 

(2) i owe £74. in 50 days, £l08. in 250 days, and £ 100. 
in a year. Required the equated time for paying the whole. 

(8) £240. is to be paid as follows, £60. in 60 days, £80. 
in 90 days, £40. in 250 days, and the rest in a year and S5 
days. Required the equated time for paying the whole 
together. 



PROFIT AND LOSS. 



The difference between the buying and selling price is called 
gain when the selling price is the greater, and loss when it 
is the lesser. 

1. When the gain or loss on one article is given. — The 
gain or loss on a given quantity is found by multiplying by 
Uiat quantity, and on the contrary, when the gain or loss on 
a quantity is given, the gain or loss on one article is found 
by dividmg by the quantity. Or, if the whole gain or loss 
and that on one article is given, the quantity is found by 
dividing by the gain or loss on one article. 
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(1) Bought 428 yards of doth at J4i. Sd. and sold it at 
l6s.Sd. What did I gain ? 

(2) Bought 57 cwt of sugar at £4..3..6. per ctvt and sold 
it at 9f^* per lb. What was gained ? 

(3) Bought 136 yards of cloth at 3^. SeL ; required the 
price per yard to be sold to gain £\2. on the whole. 

(4) Sold 257 yards of lace at 3s. 9d. and lost £9. What 
was the yard bought at ? 

(5) Bought cloth at 17^- 6d. How much of it must I sell 
at ] 9'- to gain £43..13..6.? 

(6) By selling indigo at 3s. 6d. per lb. which had been 
bought at £l4..10. per ctvi. I gained £\30. How much did 
IseU? 

(7) By selliiig cotton at 8^ per lb. which cost £4«.4. per 
ctvt. I lost £85. What quantity did I sell ? 

2. Given the prime cost and the profit or loss upon it ; or 
which is the same thing, the difference betwe^i it and the 
selling price to compute die profit or loss per cent. 

Rule. Prime cost Lyj profit or loss. 
£100. f^ ♦gain or loss. 

(1) Bought cloth at 3s. Sd. and sold it at 4>s. per yard profit. 
What was the gain per cent. ? 

(2) Sold doth of 15^. per yard value, at Is. 6d. per yard 
loss. What was the loss per cent. ? 

(3) Bought doth at 9^. 6d. per yard, and sold it at 12s. 
What was the gain per cent. ? 

(4) Bought tea at 5s. 6d. per lb. but getting damaged 
I was obliged to sell it at 4^ . Qd* What was the loss per 
cent.? 

(5) Bought 7 cft^' 3 qrs. of sugar, at 5ft/. per lb. and sold 
it at 9(/. What did I gain per cent, and how much upon 
the whole ? 

(6) How much per cent, is ^^d. per shilling ? 

(7) Bought a house for £315. paid for repairs £20. and 
sold it for £400. What was the gain per cent ? 

3. Given the rate per cent and prime cost to find the sell- 
ing price. 

100 with the rate added in case of gain 
Rule. £iOO \^J( or deducted in case of loss. 

Prime cost f^ *selling price. 

(8) Gained £9t^t- V^^ cent by cloth which I bought at 3s. 
Sd. What did I sell it at ? 
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(9) Lost £10. per cent by doth bought at 15#« What 
didlseUitat? 

(10) Bought doth at 9^* 6d, at what must I sell it to gain 
£26^. per cent. ? 

(11) Tea purchased at 5s, 6d. getting damaged I lose 
£l3A. per cent, by it. What must I sell it at to lose so 
much? 

(12) Sugar cost 5fi. per lb. What must it be sold at to 
gain £561^. per cent. ? 

(13) Bought coffee at 4j. per lb. What must I sdl it at 
per /6. to gain £20f . per cent ? 

4, Given the rate per cent, and the selling price to find the 
prime cost. 

Rule. 100 with the rate added 1 

or deducted. J k^ 1^* 

Selling price ri •prime cost 

(14) If I gain £9^. per cent on cloth sold at 4ti., what 
was the prime cost ? 

(15) Lx>st £lO. per cent on doth which was sold at ISs. 
6d, What was the prime cost ? 

(16) Lost £ldj\. per cent by selling indigo at 4#, 9i/. 
What was the prime cost ? 

(17) Gained £56|f. per cent by selling cotton at 9<L 
What was the prime cost ? 

(Id) Sold yam at 4is, lOd. per lb, by which I cleared 
£20f . per cent What did I buy it for ? 

(19) Sold ffin at i2s. per gallon, on which I gained £26 j^. 
per cent What was the pnme cost? 

5. Given two selling prices and the rate per cent, in pro- 
portion to one of them to find the rate per cent correspond- 
mg to the other. 

Rule. The price whose rate \ J 100 with the given rate 

per cent is given, f lj ( added or deducted. 

The other given price ri p *a fourth number from 

which subtract £i00. 
in case of gain, but 
which subtract from 
£ 100. in case of loss. 

(20) By selling cloth at 5s. I gained £l2. per cent What 
is the gain per cent, by selling at 6s, ? 
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(21) By sluing goods at 8f. I lost £l4. per cent What 
is lost by selling at 7s, 6d. ? * 

(2S) Sold ^oods at 1 5s. 6d. and cleared £l8. percent and 
sold the remainder at l6s. 4d. What did I clear per cent. 'by 
the latter price ? 

(23) By selling cloth at 5s» StL I gained £16. per cent, the 
same cloth was afterwards sold at 4«. 6d. What was lost or 
gained per cent, by the last price? 

6. Given the whole gain or loss and the rate per cent, to 
find what the whole was bought and sold at. 

Rule. Rate per cent lJ £lOO. 

Gain f^ ( *the buying price, the selling 
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price is got by adding the gain 
or subtracting the loss. 

(24) By selling goods at £5. per cent, profit^ I gained 
£44.. 1 6. What did I pay for them ? 

(25) Lost JS34..I8. on a quantity of yam at £4. per cent. 
What was it bought and sold for } 

(26) Sold 342 cfvt. of madder at £3. per cent, profit, and 
gained £53..14. What was it bought and sold at per cfifL ? 

(27) Bought yarn at 5s. 8d. and by selling it again at £4^« 
per cent profit^ I gained £29..! 8. What quantity did 1 sell? 

(28) Sold tea at 7^. Sd. which was £6. per cent, profit^ 
and gained £33..6..8. What quantity did I sell? 

(29) By selling 386 gallons of rum at £3. per cent, loss, I 
lost altogether £l9..18..6. What was the gallon bought and 
sold at? 



PARTNERSHIP. 



Case 1. To divide the profits and losses of merchants in 
Company in proportion to the shaves of the capital, or stock ; 
or to divide the effects of a bankrupt's, or testator's estate, 
according to the amount of assets ; or to divide a number 
into parts, having the same proportion as certain other 
numbers. 

Ruxjc. As the whole stock is to each particular stcx:k, 
partners or proportions, so is the whole gain or loss to the 
respective shares of it. Or, as the sum of the numbers is to 
eacn particular number, so is the number to be divided to 
the required parts. 
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(1) Divide the number 120 into three paits^ which shall 
be as 3, 4, 5. 

(2) A and B join in trade ; A% capital is £dOO. and B^s 
.£700, j they cleared ^l60. in trade. Required each person's 
.share, 

{%) P, Q, R continued in trade one year, with « stock of 
£ 1 200. ; Ps share of the gain was £40. ; Q's £64. ; R's £56. 
Required their stocks. 

(4) B, C, and D join in trade, with a capital of £l294. 
and in proportion as 4, 6 and 8 are to one anouier, the amount 
of their gain is equal to jB's Stock. What is eadi man's stock 
and gain? 

(5) A and B, with equal capital, clear in trade £l54. ; A 
is to have £8. per ceaL for conducting the business, and B 
to have £5. per cent. Required each person's share. 

(6) The clear assets of an i|%s<d vent's estate amount to 
£360.; the creditors are 4 in number; A for £ 120. B for 
£140. C for £200. and D for £260. Required their respective 
dividends. 

(7) Five persons agree to run a coach between Manchester 
and York; they provide horses as follow: A 13 miles, ^15 
miles, C 12 miles, X) 1 1 miles, and E 9 miles; the proceeds 
•for one month, after paying expenses, amount to £156. Re- 
quired each person's share. 

(8) A testator bequeaths legacies as follow: to G £l20. ; 
to H £100.; to / 100 guineas; and to K £95.; to be paid 
by the sale of his estate, which produces only £360. neat. 
Required each person's share. 

(9) A gingham warp, of 1800 ends, 140 yards long, is to 
be made to this pattern : 12 ends Turkey red, 8 ends blue, 
loid 16 ends white. What quantity of yam, of each colour, 
will be required ? 

(10) There are four shafts, calculated to make 100 revolu- 
tions per minute among them ; in such order, that for every 
3 revolutions of the first, the second must make 5 ; for every 
five of the second, the third must make 7 ; and for every 
seven of the third, the fourth must make 10. Required the 
proporticmate revolutions. 

(11) A lever, 120 inches long; one end is to make a stroke 
^qual to 10 inches, while the other passes through a space of 
30 inches. What distance from each end must the fulcrum 
be placed P 

(12) The fly shaft of a steam engine, making I7 revolu- 
tions per minute, is to give motion (by a pair <f wheels) to 
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the tumbling shaft in the mill, which is to make 40 revolu- 
tions per minute; the distance between the shafts is 105 
inches. Required the diameter of the two wheels. 

{13) The radii of 2 wheels are respectively 3 1 ^^ and 73||, 
and they make together 57 revolutions. Required the revo- 
lutions of each. 

(14^ Suppose a warp 30 yards long^ 42 inches broad^ 60 
threaas in one inch ; pattern, l6 white^ 8 green, 4 red, 4 blue. 
Required the quantity of each colour. 

(15) If a warp 60 yards long, 36 inches broad, is to be 
woven, 100 threads in one inch ; pattern, 20 white, 10 green, 
6 blue, 6 red, what will be the quantity of weft of each 
colour ? 

(16^ A bar of wood, 24 feet long, has a weight suspended 
at eacn end, the one l6 lbs. the other 4 lbs. At what part of 
the bar must a fulcrum be placed to exactly balance both ? 

Case 2. When the times of continuing stock in Company 
are unequal, their respective stocks must be multiplied by 
their respective times. 

Where many persons are concerned, or in dividing a bank- 
rupt's estate amongst his creditors, &c. — Divide the whole 
gam, or loss, or assets, by the first term, or sum of the Pro- 
ducts, or amount of debts claimed, as the case may be, and 
the Quotient will be a Common Multiplier; by wjaich mul- 
tiply each separate Product, or debt, and the result will be 
the required proportions or dividend of each party 

(1) A' 6 stock, of £250. was 3 months in trade; Rs, of 
£960. was 2 months in trade ; and Cs, of £540. was 6 months 
in trade ; they gained £480. Required tlieir shares. 

(2) D, E, and F hire a certain pasture for £24. ; D puts 
in 40 cows, for 4 months; E 30 cows, for 2 months; and F 
36 cows, for 5 months. What part of the rent ought each to 
pay? 

(3) G, H, /, and K enter into partnership, each advancing 
£300. ; at the end of 2 months, H took out £l20. and G put 
in £150. ; at the end of 5 months, G took out £200. and H 
put in the same sum at the end of 6 months, and £50. more 
at the end of 9 months ; at the same time G put in £l50. ; 
/ put in £l80. at the end of 4 months, took out £220. at the 
end of 9 months, and put in £60« at the end of 10 months ; 
K put in £i00. at the end of 7 months> and £50. at the end 
of 9 months ; at the year's end they had gained £333. What 
Is each man's share tliereof ? 
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(4) Six merchants trade after this maimer : A puts in £60» 
for o months, and £60. for 4 months ; jB puts in £9^* ^or 8 
months; C puts in £l60. for 5 months, and £lOQ* for 4 
months; D puts in £200. for 7 months, and £lOO. for 5 
months; £ puts in £300, for 10 months, and £lOO. for 2 
months; F puts in £400. for 3 months, £?00. for 4 months^ 
and jSSOO. for 5 months ; they gained £686«.8« What is the 
share of each merchant? 



BARTER 

Is the method of exchanging goods without loss to either 
party. 

RuLK. Find the value of the goods to be parted with, and 
it should also be the value of the goods received. If the 
quantitv or price of one article be required, it may be found 
by Division. In other cases, work according to the nature 
of the question. 

(1) How much yam, at 2Ss. 4<i per lb, should I get for 
974 cwt. of cotton, at 9f^* P^^ ^* ^ 

(2) Exchanged 156 yards of cloth, at l6s. lOd. per yard, 
for 936 yards pf linen. What did the linen stand me in per 
yiird? 

(3) For 67 cfvL of tobacco, at 8 guineas per ctvL I received 
in part 6OO Ihs. of tea, at 7'* 4if* per lb, and the rest in stock- 
ings, at 2 J. Sd. per pair. How many pair of stockings did I 
receive ? 

(4) A barters yam at 1 5s, with B for lace at 18^. but the 
yam was worth only 13^. 4e/. and the lace i6s. Which of 
them was the gainer? 

(5) Bartered 96 gallons of brandy, at 23^. Sd. per gallon ; 
received in return 60 guineas, and 450 yards of cloth. What 
is the cloth per yard ? 

(6) Bartered cotton at 8|(2. per lb, for twist as under: 
1200 lbs, of 24's, 800/6;. of 26's, 1000 lbs. of 28's, at U^d. 
for 24's, rising ^d. every 2 hanks. What quantity of cotton 
ought I to receive? 

(7) Cotton, worth S^d. per lb, is bartered at 9^, for weft, 
worth \s. Sd. What should the weft be raised to? 

(8) Sent to South America 6350 pieces of printed calico, 
eadi 28 yards, at 15^. per yard; 8432 pieces of nankeens. 
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e^ch 34 jvtdsj at 9^, What quantity of cottiMi ought t to 
have in return, at Ix. 2^. per lb. f 

(9) A and B barter; A gave B 90 pieces of elofh^ at ISii 
6d. each, for which he receive £^8...^. in money. Mid 500 
lbs. of cotton. What was the cotton per lb. f 

(10) Bartered 251 pieces of dimity, each 50j yards, at 
I7f rf. per yard, and 365 pieces of furniture pritits, each 28 
yaras, at 15|(/. per yard. What quantity of cttttbii' oiighl I 
to receive in return, at IS^d. per &. ? 



EXCHANGE OF MONEY 



Teaches to find what sum of money, of one country, is eqltal 
tD any given sum of another, aceovding to a giv^i course of 
exchange. The par of money of one nation, compared with 
that of another (being always acoordmg to then* intrinsio 
vidue) is fixed. But the course of exchange, being the present 
value allowed for a piece of money of one country^ when re- 
duced to that of another, varies upon different occasions. In 
some places Money is distinguish^ into batik afld current. 
The former is more valuable than the ktter, iahd their difiet* 
ence is called agio. Accounts are kept in the latter^ altd bills 
of exdhang^ dre gc^neTally transft6t^ in the fofttii&t 

The computations may be performed by Proportion 0t 
I^i'actice. 

I. FRANCE. 

Accounts are kept in francs and centimes. 
100 centimes = 1 franc. 

Exchange with Britain. 25 francs, 40 cents, fbf £u tter- 
ling. 

Exchange With Amstih'dani-. 57^ florins fbr 120 francs. 

Exchange with Hamburgh. 185 franco fbr 100 marks 
banco. 

(1) In £500. how many francs, exchange at 25 fVancs, 17^ 
cents? 

(2^ In 48 796 francs, 45 cents, how much sterling exchange 
at 2d francs, 45 cents ? 

(3) In 65947 florins, 18 cents, how many francs, exchange 
at 57J ? 

(4) In 11950 francs, how many florins, exdiange at 57^? 
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(5) In 14000 francs, how many marks, ezdiange at 186 

francs for 100 marks ? 

(6) In 35487 marks, how many francs, exchange at 187 
francs, 60 cents ? 

II. AMSTSRnAM, ROTTERDAM, AND ANTWERP. 

Accounts are kept in florins and cents. 
100 cents = 5 stivers; 20 stivers =: 1 florin. 
Exchai^ with Britain. 11 florins^ 9^ cents, lor £l. ster- 

lii^- 

Exchange with Hamburgh. 85 florins for 40 marks buico. 

Exchange with Paris, 57^ florins for J 20 francs. 

(7) In £500. how many florins, exchange at 12 florins, 1 1^ 
cents? 

(8) In 147856 fliwins, 26 cents, how much sterling, ex- 
change at 12 florins, 7^ cents? 

(9) In 6489 florins, how many marks banco, exchange at 
85 florins, 44 cents ? 

(10) In 45735 marks banco, how many florins, exchange 
at 36 florins, 25 cents ? 

(11) In 97564 florins, how many francs, exchange at 57f 
florins? 

(12) In 85947 francs, how many florins, exchange at 57| 
floriiis? 

III. HAMBURGH AND ALTONA. 

12 pfennings . . = 1 schilling. 
16 schillings . • = 1 mark. 
3 marks . . . = 1 rix dollar. 

Exchange with London. 13 marks, 8 schillings banco 
for £l. 

Exchange with Amsterdam. 35 florins, 40 cents for 40 
marks banco. 

Exchange with Paris. 188^ francs for 100 marks banco. 

When goods are sold in currency, the agio is fixed at from 
20 to 25 per cent, and is reckoned upcHi the banco ; and an 
allowance, called rabat, of from 4| to 8§ per cent, is reckoned 
on the neat amount Agio at 25 per cent. =: ^ of the cur- 
rency, or \ of the banco ; and at 20 per cent, is j^ of the cur- 
rency, or ^ of the banco. Rabat, at 4| per cent is xJt of 
the amount, and 8| per cent, is ^V? ^^ ^"^ same. 

Where the agio fluctuates, take aliquot parts accordingly. 
The amount of agio upon the sum, added to the banco, wul 
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give the currency ; or, deducted from the currency, will give 
the banco, all remittances being made in banco. 

(13) Reduce £580. sterling into marks banco, exchange 
at 13 marks, 6 schillings. 

(14) In 4890' banco marks, 12 schillings, bow much ster- 
ling, exchange at 13 marks, 10:| schillings? 

(15) In 22727 marks, 2 schillings currency, agio 20 per 
cent, rabat 8f per cent, how many marks banco ? 

{16) In 11363 marks, 9 schillings currency, agio 23^ per 
cent now many marks banco ? 

(17) How much sterling in 13284 marks current, agio 20, 
exchange at 13 marks, 12 schillings? 

(18) How many marks current in £482. agio 22^, ex- 
change at 13 marks, 10 schillings? 

IV. PRUSSIA, BERLIN. 

30 silver groshen = 1 Prussian dollar. 

Exchange with Britain. 6 Prussian dollars, 24} groshen 
for £1. sterling. 

Exchange with Amsterdam. 143^^ Prussian dollars for 
250 florins. 

Exchange with Hamburgh. 152 '2 Prussian dollars for 
300 marks banco. 

Exchange with Paris. 8 1 '2 Prussian dollars for 300 franca. 

(19) How much Prussian money in £480. sterling, ex- 
change at 6 Prussian dollars, 28^ groshen? 

(20) In 8000 Prussian dollars, how much sterling, exchange 
at 6 Prussian dollars^ 27^ groshen ? 

(21) In £807*.18..6. sterling, how many Prussian dollars, 
exchange at 6 Prussian dollars, 21^ groshen? 

(22) In 4382 Prussian dollars, 1 6 groshen, how much ster- 
ling, exchange at 6 Prussian dollars, 23 groshen ? 

V. RUSSIA, ST. PBTERSBUROH. 

100 copecs = 1 ruble. 

There are two sorts of money : a bank, or paper currency, 
and a metallic currency. The metallic ruble, in silver, is =: 
37^^* sterling ; its rate of exchange against the paper ruble 
is variable ; at present about 3f paper rubles for one silver 
ruble, making the value of the paper ruble about iOd. sterling. 

Exchange with Britain. 10^ per ruble on bills at 3 
months date. 
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Exchange with Amsterdam* 10^ stivers per ruble, at 65 
days. 

Exchange with Hamburgh. 9i schillings banco per ruble, 
at 65 days. 

Exchange with Paris. 106^ cents per ruble, at 70 days* 

The days of grace are 10 for bills after date, and 3 for bills 
at sight. Throughout Russia, old style, or the Julian calen- 
dar is used, which is 12 days later than the style in England; 
thus, the 14th. of May in Russia corresponds with the 26th. 
of May in England. 

To reduce paper rubles to silver rubles. — Divide 37^^. by 
the exchange, wnich will give the number of paper rubles in 
one silver ruble. 

(23) In £818..14..4. sterling, how many paper rubles, ex- 
change at lOfd? 

(24) In 18938 rubles, 99copecs, how much sterling, ex- 
change at lOfcf.? 

(25) In £800. how many silver rubles, exchange at 37^^^ ? 

(26) In £1000. how many silver rubles, exchange at 10^. 
per paper ruble and 372^ paper copecs per silver ruble? 

VI. FRANKFORT ON THE MAIN. 

90 kreuzers . • . • = 1 rix dollar. 

4 hellers = 1 kreuzer* 

4 kreuzers . . . . = 1 batz. 

15 batzen = 1 florin, 

1^ florin = 1 rix dollar, 

46 rix dollars Wechselzahlung = 55 rix dollars in 24 
Guldenfuss. 

Exchange with Britain. 148*2 batzen for £l. sterling. 
Exchange with Amsterdam. 139^ rix dollars for 250 
florins. 

Exchange with Paris. 78 f rix dollars for 300 fi-anes. 

(27) In £500. sterling, how much Frankfort money, in 24 
Guldenfuss, exchange at 150f batzen? 

(28) In 3350 rix dollars, Wechselzahlung, how much ster- 
ling, exchange at 150j ? 

VII. AUSTRIA, VIENNA AND TRIESTE. 

60 kreuzers == i florin. 

Exchange with London. 10 florins, 3 kreuzers for £l, 

r 5 
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Exduge with AnutONlaiii. 138^ riz dMlan ftr €50 
floriDS. 

FzdMiige with Paris. 118 florins for 900 iniios. 
Exchange with Hamburgh. 145 florins for ^00 marks. 

(29) In £548..l6. how many florins^ exdittige kt 10 florins, 
1 krenter? 

(30) In 5000florin8, how mvoh sterling, exchange at 10 
florins, l^kreuasr? 

Tin. TKNiCft AND MILAN. 

100 oentissime . . = 1 lira Austriacha. 
3 lire • . . . n 1 florin. 
1 lira . . . . ^ SjVgrf. 

Exchange with Britain. $9 lire, 52 cendssime (6t £l. at 
46 j<^ for 6 lire. 

(31) In £500. how many lire, exchange at 30 lire? 

(33) In £129..1 6..5. how many lire, exchange at 47^ for 
6 lire. 

{33) In 8000 lire Austriacha, how mvtdb sterling, exchange 
at 30 ure, 30 centissime ? 

(34) In 6424 lire, 60 centissime^ how much sterling, ex* 
change at 48^. for f> lire? 

IX. NAPLES. 

100 grani = 1 ducat, value 3s. 3|cf. sterling. 
The ducat is divided in 5 tari or 10 carlini. 

Exchange with Britain. 607 grani for £l. 
Exchange with Amsterdam. 50*3 grani for 1 florin. 
Exchange with Hamburgh. 44*15 grani for 1 mark banca 
Exchange with Paris. 23*75 grani for 1 franc. 

(35) In £560. how many ducats, exchange at 39id. per 
ducat? 

(36) In £480. how many ducats, exchange at 607 grani ? 

(37) In 3037 ducats, 97 grani, how much sterling, ex- 
change at 607 grani ? 

(38) In 4000 ducats, bow much sterling, exchange at 
39frf.? 

X. PALERMO. 

20 grani = 1 taro ; 30 tari = 1 onda or onzA ; the teodo 
= 12 tari or S oncie =s 5 scudL 
Exchange with Britein. GO tari for £l. 

(39) In £l48..12. how many oncie, exchange at 120^ 
per onda ? 
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(40) In £l36..1S..6. how many OQcie, exchange at 59} 
tari per £.? 

(41) In 1000 oncie^ how many £. exchange at lli|d.? 

(42) In 272 oncie, S tari, 10 grani^ how much sterlings ex« 
change at 59^ tari f 

XI. LBOHoaif. 

12 denari • . = 1 flolda 

20 soldi . • = 1 peasa or dollar. 

Exchange with Britain. 4^ for 1 pesza. 

(43) In £400. how many peaze^ exchange at 484(f.? 

(44) In 10000 pezze^ how much sterhng, exchange at 

XII. GENOA. 

100 centissimi =: 1 lira nuova. 
Exchange with London. 25 lim, 16 centissimi for £l. 

The lira nuova = the French franc 
The calculations are the mime as French exchanges. 

XIII. SPAIN. 

Plate Money 0f Exchange and Account. 

34 maravedis, or l6 quartos • . . . = t real of plate. 

8 itfals = 1 dollar of plate. 

1 1 reals^ 1 maravedi, or 375 maravedis = 1 ducat of plate. 

4 dollars of plate = 1 pistole of plate. 

Vellon Mone^'qf Coin and Account* 
34 maravedis ....=:! real vellon. 



1 hard dollar. 
32 reals vellon. 
64 hard dollars. 

4 maravedis vellon. 



20 real vellons . . 

1 7 reals of plate • 

85 dollars of plate 

I quarto of plate 

Exchange with Britain. S^ for 1 dollar of plate. 

(45) In £1000. how many reals plate, exchange at S^^^ 
per dollar of plate? ^^ 

(46) In 8469 reals of plate, 10 quartos, how much sterlings 
exchange at 37^^^- ? 

(47) In 5458 reals vellon, 27 maravedis, how much ster- 
ling, exchange at 36^ per dollar of plate ? 

(48) In £500. sterling, how many reals vellon and reals 
of plate, exchange at S6^, per dollar of pjate ? 

15 i«als vellon s&s 1 dotiar of plate at Malaga. 
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XIV. GIBRALTAIU 



16 quartos . r= 1 reaL 
12 reals . • =r 1 hard dollar. 
1 hard dollar = 50^. sterling. 

ZV. LISBON AND OPORTO. 

1060 reis r= 1 milrea. 
400 reis = 1 crusado. 

Exchange with Britain. 49^ for 1 milrea. 
Exchange with Amsterdam. 39 grotes for 1 crusado. 
Exchange with Hamburgh. 42^ schillings for 1 milrea. 
Exchange with Paris. I92 reis K>r 1 franc. 

49) In £1000. how many reis, exchange at 50\d, ? 

50) In 13572866 reis, how much sterling? 
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XVI. BREMEN. 

5 schwaren • . = 1 grote. 
70 grotes . . . = 1 rix dollar. 

Exchange with Britain. 6 12 rix dollars for £]. 

XVII. DENMARK, COPENUAOEN. 

96 skillings = 1 rix dollar. 

The dollar is divided into 6 marks, of I6 skillings each. 

The exchange business of Copenhagen is transacted through 
the medium of Hambursh ; the par of exchange between 
those places, exclusive of the agio, being 200 rix banco dol- 
lars for SOO marks banco. 

Exchange with Britain. 9 rix dollars, S5 skillings for £l. 

XVIII. SWEDEN AND NORWAY. 

Stockholm. Christiani. 

48 skillings = 1 rix dollar. 96 skillings== 1 specie dollar. 

Exchange Stockholm with Britain. 11 rix dollars, 24 
skillings for £l. 

Exchange Christiani with Britain. 6 specie dollars, 24 
skillings for iSl. 

XIX. TURKEY, CONSTANTINOPLE. EGYPT, ALEXANDRIA. 

40 paras =: 1 piastre. 

The value of the piastre is about 4d. at Constantinople, and 
S^d. at Alexandria. 
Exchange Constantinople with Britain. 58^ piastres for £l . 
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XX. THE IONIAN ISLANDS. 

British currency. 

XXI. MALTA. 

20 grani • = 1 taro. 

12 tari . • =r 1 scudo. 

30 tari . • = 1 pezza, or Sicilian dollar. 

Exchange with Britain. 48^. for 1 pesaa. 

(51) In jE400. sterling how many pezza, exchange at 49i<f. 

(52) In 1000 pezza how much sterlings exchange at ^S%d. 

XXII. ROME. 

100 bajocchi = 1 scudo Romano. 
The scudo, or crown, is divided into 10 paoli. 
Exchange with Britain. 48^ paoli for £l. 

XXIIL DRESDEN AND LEIPZIG. 

12 pfennings =1 1 groshen. 
24 groshen . =: 1 rix dollar. 

Exchange with Britain. 6 rix dollars, i5| groshen for £l • 
sterling. 

Exchange with Amsterdam. 140^ rix dollars for 250 
florins. 

Exchange with Hamburgh. 1 48^ rix dollars for 300 marks 
banco. 

Exchange with Paris. 79 rix dollars for 300 francs. 

(^53) In £500. how many rix dollars, exchange at 6 rix 
dollars, 1 5^ groshen ? 

(54) In 1000 rix dollars how much sterling, exchange at 
6 rix dollars, 1 6^ groshen ? 

XXIV. -NORTH AMERICA, BRITISH COLONIES AND THE 

WEST INDIES. 

Canada and the northern provinces. £lOO. sterling are 
worth at par £111}. currency; or £90. sterling are worth 
£100. currency. 

Jamaica. The currency is fixed at £l40. for £lOO. ster- 
ling, and the Spanish dollar 6s. 8d. currency. 

Barbadoes. The dollar is fixed at 6s. 3d. currency. 

Grenada, St Vincent, Tobago, Tortola, &c. the uncut dollar 
= Qs. currency; the cut dollar = Ss. 3d, currency. 
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{55) In £600. Canada currency how much sterlings rate 
of exchange being as 100 to 9^ ? 

(56) In JB720. sterling how much Canada currency^ ex- 
change as 90 to 100 ? 

(57) In £500. Bermuda currency how much sterling, ex- 
change at 180 per cent ? 

(58) In £300. sterling how much Bermuda currency, ex- 
change at 160 per cent. ? 

{59) In £600. Jamaica currency how much sterlings ex- 
change at 140 per cent. ? 

(60) In £4S8..1 1..5. sterling how much Jamaica currency, 
exchange at 140 per cent ? 

XZV. THE UNITED STATES, NORTH AMERICA. 

100 cents = 1 dollar. 

The dollar is valued at 4«. 6d. sterling, and the rate of ex- 
change is regulated by a premium or discount upon the 
sterling. 

To reduce dollars into sterling. — Multiply by 9 and divide 
by 40. 

To reduce sterling to dollars. — Multiply by 40 and divide 
by 9> the cents will be so many decimals of a dollar. 

(61) In 5696 dollars, 72 cents. United States currency, 
how much sterling, exchange at 4j. 6d» ? 

(62) In ii:i281..15..3. sterling how much United States 
currency, exchange at 4«. 6d. ? 

PREMIUM, OR DISCOUNT. 

In all cases where there is a fixed par of exchange, and the 
variations in the rates are regulated by a premium, or dis- 
count, the same is calculated upon the money of that place 
upon which the bill as drawn ; thus, 

100 ^^j 100 with Discount or Premium added. 
Money at par J^ *to the currency. 

100 with Premium or Discount added l^j 100 

Currency ^^ *to money at par, 

(63) What is the value in Jamaica currency of a bill for 
£500. sterling, at a premium of 12| per cent ? 

(64) WJMit is the value in sterling of £547.o4..5. Canadian 
currency, at 1^ per cent dxtcf^mtt^ 
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(65) Required the value in sterling of £789..5. Jamaica 
currency, discount at 12| per cent ? 

(66) What is the value in sterling of 4826 dollars, 25 cents. 
United States currency, at a premium of 10^ per cent. ? 

(67) Required the value in United States currency of 
£982..14..5. sterling, discount at 10^ per cent ? 

XZTI. SOUTH AMERICA, SPANISH SBTTLBXSNT8. 

16 quarts =s 1 real ; 8 reals = 1 dollar. 
Exchange with Britain. 18^ for 1 paper doUar. 

XXVII. PORTUOUBSB SBTTLEMBNT8. 

1000 reis ^ I milrea. 
Exchange with Britain. 31^ for 1 milrea. 

(68) In 10000 dollars how much sterling, exchange at 

(69) In 87560 reis how much sterling, exchange at S5M ? 

(70) In £384t..0..9. how many dollars, exchange at ig^d.^ 

(71) In £l849..4..i0. how many reis, exchange at Sl^d,? 

XXVIII. EAST INDIES, CALCUTTA. 

12 pice = 1 anna; I6 annas = 1 rupee. 

The Sicca rupee is the money of exchange, and its value 
is 1«. 11^. sterling. 

Madras and Bombay. The rupee, value Is. iO\d. 

100 pagodas . . = 850 rupees. 
100 reas . . . = 1 quarter. 
4 quarters . . = 1 rupee. 

XXIX. GAPE OF GOOD HOPE. 

British currency. 

(72) In 11864 Sicca rupees, Bengal currency, how much 
sterling, exchange at Is. iO^d.} 

(73) In 1962 pagodas, Madras currency, how much ster- 
ling, exchange at Is. Q^d. per rupee ? 

(74) In 6688 rupees, Bombay currency, how much ster* 
ling, exchange at Is. 9 jd. per rupee ? 
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DRAWING AND REMITTING. 

For remittances abroad prefer that mode which gives the 
sreatest sum in foreign money, or costs the least sum in ster- 
ling ; and for returns or remittances to this country, prefer 
that which costs the least sum in foreign money, or yields 
the most in sterling. 

ARBITRATION OF EXCHANGE. 

Having the rates of exchange between two or more places 
ffiven, to find the rate of exchange between the first and last, 
m correspondence to the rest 

Rule. Place the given equations under each other, so that 
the terms of the same kind always ^tand on different sides. 
Take the Product of the greater number of terms for a Divi- 
dend, and the Product of the lesser number for a Divisor ; the 
Quotient will be the required quantity. 

Note. Where requisite, reduce like terms on each side to the 
Mune namei 

(1) A bill drawn on Amsterdam, at 12 florins, 10 cents per 
£. sterling ; the proceeds of the bill are forwarded to Paris, 
at 57^ florins per 120 francs. Required the proportional ex- 
change between London and Paris. 

(2) I have a bill drawn on Hamburgh, at 13 marks, 10^ 
schillings per £. sterling; it is sent to Amsterdam, exchange 
at 35^ norms per 40 banco marks ; the proceeds are remitted 
to Paris in French bills, at 57i florins per 120 francs. What 
price does this transaction establish between London and 
Paris? 

{S) If 6 yards Hamburgh are equal to 5 yards in Holland, 
and 7 in HoUand = 4 in France, and 5 in France = 5 in 
England, how many English yards will =: U 76 yards of 
Hamburffh ? how many yards of Hamburgh wiU = 1 00 yards 
in English? 



1.S 
Si I 












I 1 



f g|s . 



•■si 
,3|'sgs I |3| I I III 



Hi- 






I'- 
ll I 

Is is J 
I*! 

-<g a: J 
=i 2 i 



Illlj-.-?! 1-1. 



A i 

" "ii- 






s2 8*2 



III 

g B, Ah 



,1 r-3 



5 = 3 



I " -I ^ I ? « 

S SSS S I 2 8 
* S8S I 3 J 1 



E-Ss i . . I 



114 A SYSTEM OF 

ALLIGATION 

Directs computations relating to the mixing of simples of 
different qualities, and is distinguished into medial and alter-' 
note. 

Alligaiion medial. — Given the quantities and rates of the 
several simples, to find the rate of the mixture. 

Rule. Multiply each Quantity by its rate, and divide the 
sum of the Products by the sum of the quantities. 

(1)8 lbs, of sugar at 7d. per lb, were mixed with 5 lbs. at 
Sd. and 7 lbs, at is. Required the price of the mixture per 
lb.? 

(2) 8 lbs. of tea at 5s. 7^* were mixed with 12 lbs, at 8#. 
Sd, and with 1 6 Ibs^at Qs, Required the value of a lb. of this 
mixture. 

(3) If 7 gallons of brandy at 6s. Sd. be mixed with 9 gal- 
lons at 7'' 6d. ; t2 gallons at Js. I Ifc^. ; and 4 gallons at iOs. 
Sd, : what is the mixture worth per gallon ? 

(4) If 9 gallons of wine at 5^. 44. be mixed with 8 gallons 
at 6s, Sd. ; 8 gallons at 7^* 7d. ; and with S of water. Tho 
value of this mixture per gallon is required. 

(5) A rectifier of spirits mixes 18 gallons at Ss, 6d. widi 
12 gallons at 5s, 7d. and l6 gallons at 4«. 4d. Required at 
what rate th^ compound should be sold to gain 10 per cent. 

Alligation alternate, — Given the rates of the mixture and 
simples to find the quantity of each simple. 

Rule. Write the rates of the simples under each other, 
with the mixture rate on their left hand. Connect the rates 
of the simples so that one less than the mixture rate be always 
linked with one that is greater. Write the difference betwixt 
the mixture rate and that of each of the simples opposite to 
that rate with which it is linked. These differences, or their 
sum, if more than one, will be the quantities at the rates op« 
posite to which they stand. 

(6) How much com at 2s. 6d, per bushel, and Ss. 4td. per 
bushel, must be mixed together, that the compound may be 
worth iis. per bushel ? 

(7) How much tea at Ss. and 2s, must be mixed together 
that the compound may be worth 2s, 6d. ? 

(8) What quantity of sugar at ^, 6d. and gd. must be 
mixed together that the composition may be worth Sd. ? 
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(9) H6W mudi tea at 4s, 5s. 6s. and Ss. should be mixed 
togethei' that the compound may be worth 7'* ? 

Note 1. If the composition be limited to a certain quantity. Say 

Cauae. Effect 

The sum of the quantities ^. given quantit3'. 

£ach of the quantities found ^^ quantity required of each. 

(10) How much brandy at 4#. 5s. and 6s. per gallon must 
be mixed^ to form a composition of S^4 gallons^ worth 5s.6d.} 

(11) How much com at 4«. 6s. and Qs. per bushel must be 
mixed together to form a composition oi 40 bushels^ worth 
7#. per bushel ? 

Note t. If one of the simples be limited, say 

The quantity of the simple I 
found by linking \ ^j. the limited quantity. 

The other quantities found '^ required qumtitjr of each. 

(IS) How muoh tea at 4es, 6s, and Ts. per lb. must be mixed 
with 6 lbs. at 5s. per lb. that the mixture may be worth 5s. 
6d. per lb. f 

(13) How much rum at 7'* 9s. and iOs. per gallon must be 
mixed with 6 gallons at Ss. per gallon that the compound 
may be worth Ss. 6d. per gallon ? 

( 1 4) How much brandy at 5s* 5s. 6d. and at 6s. per gal* 
loti must be mixed with S gallons at 4«. per gallon^ that the 
mixture may be worth ^^. 4</* per gallon f 



POSITION. 

In this rule take any common number and proceed with it 
according to the tenor of the question, if the result or num- 
ber thus obtained be the same as the given number, the po* 
sition or assumed number is the number sought; if not, pro- 
ceed by the following rules. 

Case 1. Rule 1. When the result is proportional to the 
position, the result is to the given number, as the position is 
to the required number. 

(1) What number is that to which if we add the half, the 
third, and the fourth, of itself, the sum will be 126? 

(2) A man being asked his age said, If to my age you add 
^, \, and ^ thereof, the number 63 will then be had. Quere 
his age? 

{3) Three steam engines are employed to drain a mine. 
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one can do it in 6 days, the second in 4 days, and the third 
in S days. Suppose thi^ all work together, what time will 
the mine be drained? 

(4) Lent a sum of money at £6, per cent, per annum, sim- 
ple interest, and at the end of 10 years received for principal 
and interest £1000. What was the sum lent? 

(5) Three wheels are required to make 72 revolutions 
amongst them, the second to niake 2 revolutions for the first 1, 
the third to make 3 revcdutians fix* the second 1, required 
the revcdutions of eadi. 

(6) A, By and C, buy a lot <^ timber for £3GO. and agree 
that B shaU pay \ more than J, and C \ more than B. I 
demand how mudi each must pay. 

Rule. Case 2. Wlien the results are not proportional to the 
Position ; that is, when some given number is added to or sub- 
tracted from the position in the course of the process^ try two 
numbers as above, and find the errors or dlflerences between 
the results and tli^ given number. Multiply each of these 
errors by the other's position, then if the errors be of the 
same kind, that is, boUi less or both greater than the given 
number, divide the difference ci the Products by the differ- 
ence of the Errors ; but if the one error is greater and the 
ofh^ 1?S9 than the eiven number, divide the sum of the Pro- 
ducts by the siiin of tb^ Errors^ the Quotient in each ^ase wil) 
be the answ^. 

Rule S. Multiply the ditference of the two numbers 
supposed by the less error, divide that Product by the differ- 
ence of the two errors if they are alike, or by their sum if 
unlike, and the Quotient will be a correctional number; 
which being added to the nearest supposition when defective, 
or subtracted from it when excessive, will give the number 
required ; which operation may be repeated to any degree of 
exactness. 

If the signs be alike, subtract from the lesser and add to the 
greater number supposed answering to the least error. 

If the signs be unlike subtract from the greater and add 
to the lesser number supposed answering to the least error. 

(1) What number is that which being doubled and l6 
added to the product will make the sum 5Q} 

(2) Three shafts together are to make 235 revolutions per 
minute, the first to make a certain number, the second to 
make 4 times as many and S more, the third to make twice 
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as many as the second and 5 more. Required the number of 
revolutions of each shaft severally. 

(3) Three shafts making in the whole 590 revolutions^ in 
such order that the last makes 24 times as many revolutions 
as the first, wanting only 7 ; the second 5 times as many as the 
first, wanting 3. Required the revolutions of each shafl. 

(4) Two partners A and B have both the same income, 
A saves yearly \ of his, B by spending £50. per annum 
more than A, at the end of 4 years finds himself £lOO. in 
debt. Required their income. 

(5) A testator left by will £1000. between his son and 
daughter, i^fis. ^ part of the son's share should exceed 4 part 
of the daughter's by £lO. how must the £l000. be divided. 

(6) A and B performed a piece of work in 60 days, for 
which they received £7**8. As wages were 2«. %d. per day, 
and ^s 2#. 2if. How many days did each work ? 

(7) A nurseryman takes 125 acres of ground, for which he 
is to give £38.. 5. ; the land consists of two sorts, for the bet- 
ter sort he is to give 7«* 6c^« per acre, and for the worst Ss. 
Qd. per acre. How many acres were there of each sort? 

(8) A grazier laid out £,S^5. in oxen and sheep, the oxen 
cost £8.. 15. per head, the sheep 16«. per head. He sold the 
oxen again for £9-18. per head, and the sheep for 18^. 6dL 
per head, and gained £53..10. by the bargain. How many 
oxen and sheep did he buy and sell ? 

(9) What number is that which being multiplied by 2|, 
and again by itself, the product will be 600 ? This relates 
to the drafls of cotton. 

N. B. Many questions may be resolved by this rule which cannot 
be done by any other rule in Arithmetic. 



PROGRESSIONS. 



An Arithmetical Progression is a series or rank of numbers 
uniformly increasing or decreasing by the constant addition 
or subtraction of some number, callecl the common difference. 
Thus, 1, 2> 3, 4, 5, is an increasing arithmetical series, where 
the common difference is 1 ; and 10, 8, 6, 4, 2, is a decreas- 
ing arithmetical series, where the common difference is 2. 

A Geometrical Progression or series is a rank of numbers 
uniformly increasing or decreasing by a constant multiplier 
or divisor, called the common ratio. Thus, 1, 2, 4, 8, is an in- 
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creaiiDg geometrical series^ where the commAn ratio (a 2 ; 
and 27> 9, S, \, is a decreasing geometrical series, -where the 
common ratio is 3. 

The first and last terms are called extremes, and the other 
terms means. 

ARif HMETICAL PROGRESSION. 

Of these five, viz. The two extremes, common difference, 
number of terms, and the sum of the series ; having any three 
given, the other two may be found. 

Theorem. The sum of the extremes is equal to the sum of 
any two means equally dist^t from them. 

PROQLEM I. 

Given the extremes and number of terms to find tihe other 
two. 

Rule. The common difference is equal to the difference of 
the extremes divided by the number of terms minus one. 
And the sum of the series is equal to the sum of the extremes 
multiplied by half the number of terms. 

(1) Given the extremes i2 and 4^, and the number of 
terms 1 ] . Required the common difference, md sum of the 
series. 

(2) Borrowed JE800. which is to be repaid by yearly in- 
stalments of <£]00. each, the interest being £5. per cent, per 
annum. How much shall I have paid for interest at the end 
of 8 years? 

(S) IS wheels revolve in ari^metical progression, tibe firjt 
makes 3 revolutions^ and the last 51 in the same time; how 
many revolutions does each wheel exceed the former, and 
how many do they altogether make in the same time ? 

(4) 1 1 wheels rev^Jve in arithmetical progression, the first 
makes 3 revolutions, and the last SS, Required the sum of 
the series. 

(5) The length of the first layer of roving yam upon a 
bobbin is found to be 1 80 inches, the length rf the last layer 
741 inches, the number of layers 1 8. Required tiie lengdi of 
yam on the bobbin. 

PROBLEM II. 

Given the extremes and common difference, required the 
number of terms and the sum of the series. 



PRACTiCi^ UlITIfMETIC. IIQ 

Rin«E. Dbnde the diffeFNioe of the extremes by the com- 
mon difference ; the Quotient plus one will be the number of 
tenns. For the sum of the series, see Problem i. 

(6) The first wheel makes 7 and the last JOS revolutions 
in the same time, Hxe difference of revolutions 4. Required 
the number of wheels and the sum of die revolutions. 

(7) The first layer of yam on a bobbin is 180 inches, the 
last 74^1 > the difference in length 9S inches. Required the 
number of layers and the length of yam on the bobbin. 

(8) A number of trees are planted in the form of an 
isosceles triangle, the first row contains 1 plant, the second 
S, and so on in arithmetical progression, the last row contains 
61. Required the number of rows and the whole number of 

plants* 

(9) In one of the operations for preparing cotton for yam, 
the speed of the bobbin is regulatecf by means of a cone drum 
and rack ; every tooth of the rack being moved decreases the 
speed of the bobbin. Suppose the bobbin to decrease in 
speed S revolutions every tooth, and the number of revolu- 
tions before the first tooth is moved l68, and the last 84. Re- 
quired the number of teeth in the rack to effect the propor- 
tionate speed.* 

PROBLEM III. 

Given the common difference, number of terms and the 
. sum of the series, to find the rest. 

Rule. Divide the number of terms minus 1, by 2 ; multi- 
ply the common difference by the Quotient : add and sub- 
tract this Product to and irom the sum of the series divided 
by the number of terms ; the sum and remainder will be tbe 
greatest and least terms respectively. 

(10) The number of wheels 9> the common difference of 
• revolutions 2, the sum of the revolutions 185. Required the 

proportionate speed of the first and last shafts. 

(11) The number of layers of yam upon a bobbin are 18, 



* The decrease in speed is r^;ulated according to the fineness of 
the roving, the number 3 is put only to show the manner of working 
the question, and this relates to the common fly frame. The rack for 
the Improved fly frame is made from the divisions of a parabolic 
curve, the ordinate being equal to the qnoe the strap peases over the 
cone drum. 
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the diflTerenoe in length 83 inches, and the length of yam 
8289 inches. Required the first and last layer. 

(12) Suppose the number of teeth in a rack to be 29> and 
every tooth to cause a decrease of 3 revolutions of the bobbin, 
and the total revolutions from one end of the rack to the 
other 8654. Required the first and last revolutions of the 
bobbin. 

PROBLEM IV. 

Given either of the extremes, the common difference and 
number of terms, to find the rest. 

Rule. Multiply the common difference by the number of 
terms minus 1 ; this Product added to the less extreme gives 
the greater, or subtracted from the greater extreme gives the 
less. Add the said Product to twice the least extreme or 
subtract it from twice the greater ; multiply the sum or re- 
mainder by half the number of terms, either of these will 
give the sum of the series. 

(18) Given the first revolution 12, difference 8, number of 
wheels 1 1. Required the revolution of the last wheel, and 
the number of revolutions of the whole. 

(14) The revolution of the last wheel 128, difference 5, 
the number of wheels 24. Required the revolutions of the 
first, and the sum of the revolutions. 

(15) The first revolutions of a bobbin are l68, the decrease 
8, the number of teeth* in the rack 29. Required the revolu- 
tions caused by the last tooth of the rack, and the whole 
number of revolutions. 

By the foregoing Problems questions relating to annuities, 
pensions, rents, &c. in arrear at simple interest, may be very 
easily solved. The several yearly, half-yearly, or quarterly 
payments of interest form an arithmetical progression, of whida 
take the last interest due as the first term and common dif- 
ference ; and the number of years, half-years, or quarters, 
diminished by one, as the number of terms. 

^1) If an annuity of £60. be forborne for 8 years, what 
will be due at the end of that time for principal and interest, 
rate of interest £5. per cent. ? 

(2) If a house be let on lease for 6 years at £45. per an- 
num, payable half-yearly, and the rent being in arrear the 
whole term, required the amount due, interest at £4. per cent 
per annum ? 
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(3) If a pension payable quarterly of £80. per annum re- 
main unpaid 4 years^ what will be due at the end of that 
time^ rate of interest £4|. per cent, per annum ? 

GEOMETRICAL PROGRESSION. 

Theorem. The Product of the extremes is equal to the 
Product of any two means equally distant from them. 

PROBLEM I. 

Given the least extreme ratio and number of terms to find 
the greater extreme or any distant term. 

Rule. Raise the ratio to a power less by unity than the 
number of the required term: multiply that power by the 
least term, the Product is the greatest. 

(1) Given the least term 3, ratio 2, Required the 8th. 
term. 

(2) The first wheel makes 5 revolutions, the increased 
speed 3 fold, the number of wheels 6. Required the revolu- 
tious of the last. 

(3) If a cubic inch of atmospheric air be increased to 4 times 
its rarity at 7 miles from the surface of the earth, what will 
be its rarity at the height of 49 miles ? 

PROBLEM IL 

Given the extremes and ratio to find the sum of the series. 

Rule. Multiply the last extreme by the ratio, from this 
Product subtract the first extreme and divide the Remainder 
by the ratio minus 1. 

(4) The first wheel makes 1 revolution in the same space 
of time that the last makes 2187, the ratio 3. Required the 
sum of the revolutions of all the wheels. 

DECREASING PROGRESSION. 

Of any decreasing series whose last term is a cipher, to find 
the sum of those series. 

Rule. Divide the square of the first term by the difference 
between the first and second terms, and the quotient will be 
the sum of all the series. 

o 



129 A 8V8TBM OP 

PROBLEM^ 

To find the sum of ^ + i + ^ + iV &c- 

(1) Suppose a ball to be put in motion by a force which 
drives it 12 miles the first hour, 10 the second, and so on 
continually decreasing in proportion of 12 to 10 to infinity ; 
what space would it move through ? 

(2) If a wheel be put in motion by a force which causes 
10 revolutions in the first portion of time, 9 in the second, 
and so on in the ratio of ^^*g for ever, how many revolutions 
will it make? 

(3) Suppose a man walk 20 miles the first day, 19 the 
second, 1 8 the third, &c. in the same decreasing series, would 
he ever arrive at a city 500 miles distant from the place he 
set out from, were it possible he could travel through an in- 
finity of ages and never stop ? 



INVOLUTION. 

Involution is the method of finding the powers of number^. 

The number to be involved is itself the ^rst power j or it 
is called the root of that power it is required to be raised to. 
If it be multiplied once into itself, the Product is its square, 
or second power. If twice into itself, the Product is its cuhe^ 
or third power ; and, universally, any power of any number 
is obtained by multiplying the number into itself a number 
of times, less by unity than the index, or name of the power 
to which it is required to be raised. 

Table of the second and third powers of the nine digits. 

1st. power or root 123456789 
2nd. power or square 1 4 9 l6 25 S6 49 64 81 
Srd. power or cube 1 8 27 64 125 216 343 512 7aSb^ 

EXAMPLES. 

(1) Raise 24 to the biquadrate or 4th. power. 

(2) Raise 37 to the sursolid or 5th. power. 

(3) The lineal side of a square table is 29 inches. How 
many square inches does it contain ? 

(4) The lineal side of a stone, of a cubic form, measures 
6 feet* How many solid feet does it contain ? 

(5) How many f inch cubes can be got out of a 9 ii^ch 
cube? 
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EVOLUTION. 

Evolution is the method of finding the rooit of numbers. 

The Square root is that of which the given number is the 
square. 

The Cube root is that of which the given number is the 
cube. 

To extract the Square root.-*-Divide the numbers into pe- 
riods of two figures, beginning at the place of units. 

Find the greatest square contained m the left hand period^ 
and place its root in the quotient^ and subtract the square it- 
self from that period^ and to the Remainder annex the second 
period for a Dividend. 

Double the figure in the Quotient or root for a Divisor ; 
by which divide the Dividend^ omitting the right hand figure, 
and place the result both in Uie root and on the riffht of the 
Divisor ; also by it multiply the Divisor thus completed, and 
subtract the Product from the Dividend, and to the Remain- 
der annex the next period for a new Dividend. 

To the completed Divisor add the figure last put in the 
root ; the sum is a new Divisor, with which proceed as before. 

Required the square root of 331776. 

... 
331776(576 root. 576 

25 576 

107) 817 3456 
7 749 4032 

1146) "6876" ^^Q 

6876 331776 proof. 

Note 1. It' there be a Remainder after all the periods are used, 
the operation may be continued to decimals, by annexing periods of 
ciphers, taking care to divide from the decimal point to the right 
band. 

Note 2. Any figure of the root is an integer or decimal, according 
to the period from which it arises being an integer or decimal. 

Note 3. The square root of a fraction is got by taking the roots 
of its two terms, if it can be done exactl^r ; if not, reduce the fraction 
to a decimal, and extract the root as before. 
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(1) Required the square root of 576. 

(2) Required the square root of 20736. 

(3) Required the square root of 622621. 
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Required 
Required 
Required 
Required 
Required 
Required 
Required 
Required 
Required 
Required 
Required 
Required 
Required 
Required 



the square 
the square 
the square 
the square 
the square 
the square 
the square 
the square 
the square 
the square 
the square 
the square 
the square 
the square 
the square 
the square 
the square 
the square 



root of 788544. 

root of 1234321. 

root of 5013914481. 

root of 95023504. 

root of 1524 1 578750 1 90521. 

root of 65 1 3 1 436864025. 

root of -5329. 

root of 5-875. 

root of 487683. 

root of 9 148 74. 

root of 6154346. 

root of 5, 

root of 17-3056. 

root of -8281. 

root of ,V5, of ^Vt* and of ^%%%. 

root of |. 

root of •000729. 

rootof 78i-375. 



Required the square root of 68*3. 

Required the square root of 486' 1. 
Required the square root of '00000784. 
Required the square root of 11. 
Required the square root of -000000005329. 



PROBLEM I. 



To find a mean proportional between two given numbers.— 
Extract the square root of their Product. 

(1) Required a mean proportional between 4 and 36» 

(2) Required a mean proportional between 7 and 13. 

(3) Required a mean proportional between I6 and 64. 

PROBLEM II. 

To find the side of a square equal in area to any given 
superficies. — Extract the square root of the given area. 

The side of a square being given, to find the side of a 
square greater or less in quantity than the given square. — 
Square the side given, and multiply it by the increase, or 
divide it by the decrease ; the square root of the Product or 
Quotient is the side sought. 

(1) The area of a circle is '7854. Required the side of a 
square equal in area thereto. 
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(2) A gentleman has a fishpond in form of a triangle^ con- 
taining 480 poles ; he wants another of equal area in form of 
a square. Required the side. 

(3) If 220 yards long and 22 yards broad will form one 
acre of ground, what will be the length of each fence to en- 
close the same in a square ? 

(4) There are two wheels working together, the one is 6 
feet in diameter, the other is 5 times as large. Required its 
diameter. 

(5) I have a building 26 yards long and 8 yards broad. 
Reqiiired the side of a square building to contain three times 
as much room. 

(6) A &rm consists of four fields; the first 2 a. 8 r. I4p. ; 
the second 3 a. 1 r. ; the third 1 a. r. 1 8 p. ; the fourth 4 a. 
Sr. 24 p. ; which farm is purposed to be exchanged for a 
square field, equal in area to all the four. Required the length 
of its side. 

(7) Admit a room to be 60 feet long, 20 broad and 15 high. 
Required the space for light. 

PROBLEM in. 

Given any two sides of a right-angled triangle, to find the 
Other side — The square of the hypotenuse, or longest side, 
is equal to the sum of the squares of the other two sides ; 
therefore the h3rpoteimse is equal to the square root of the 
sum of the squares of the two sides, and either side is equal 
to the square root of the difference of the squares of the hy- 
potenuse and other side. 

(1) Three sides of a triangle are 8, 4, and 5, taking any 
two of them as given, required the other. 

(2) The length of a line, stretched from the top of a steeple 
to a station 250 feet from its bottom, was found to measure 
330 feet. What was the height of the steeple? 

(3) Standing on the side of a river, I found that a line 
stretched from the top of a precipice rising perpendicularly 
449 feet, on the other side measured 585 feet. Required the 
breadth of the river. 

(4) The wall of a fortification is 248 feet high, the breadth 
of a ditch surrounding it is 224 feet. Required the length 
of a scaling ladder that will reach from the farthest side of 
the ditch to the top of the wall. 

(5) Two travellers set out from JVfanchester, the one 
travels south, 25 miles per day ; the other west, 32 miles per 
day. How far were they distant after travelling 5 days ? 
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(6) Two ships sail from the same port; one of them goes 
due east 50 leagues^ the other due north 84 leagues. How 
far are they asunder ? 



PROPORTION, 

In which Square and Square Root are required. 

All similar plain figures, as circles^ squares, triangles, poly- 
gons, ellipsis, &c. are to one another in area as the squares of 
their like sides. 

Similar solids, of the same length and matter, are in weight 
and strength as the square of their sides, diameters, periphe- 
ries, &c. whether timber, iron, bars, wire, ropes, yam, &c. 

The effects of light, heat and attraction are as the squares 
of their distances from the centre whence they are propagated. 

(1) If a rope of 6 inches in circumference consists of 450 
threads or strands, required the number of such threads to 
make a 14 inch cable. 

(2) The diameter of a circle is seven, and the content 
30*3846. Required the content of another circle, whose di- 
ameter is 21. 

(3) If a beam 8 inches deep be sufficient to support 1000 
lbs. what must be the depth of another, of the same length, 
to support 8 times as much ? 

(4) If a pipe, 4^ inches in diameter, will discharge a cer- 
tain quantity of water in one hour's time, in what time will a 
pipe, 2^ inches in diameter, discharge the same quantity from 
the same current? 

(5) If a l600 jaconett require 128 hanks in the lb, what 
will i«JOOO require ? 

(6) Suppose a 600 reed to require 8 oe. yam, what reed 
will 4 02. give ? 

(7^ Allowing a mule to be spinning 64's with 30 turns to 
one mch of yarn, how many turns in the same space to spin 

81*8? 

(8) Admit a leaden pipe, 1^ inch diameter, will fill a cis- 
tern in two hours ; what will be the diameter of another pipe 
to fill the same cistern in one hour ? 

(9) If 8 02. of yam will make a 600 lawn, what quantity 
of yarn will make a 1200 of the same fabric? 

(10) If an enclosure contain 25 statute acres, of l6-5 feet 
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to the percb^ how many Lancashire acres will there be in it, 
of 2 1 feet to the perch ? 

(11) In a farm consisting of 84 acres statute measure, of 
16'5 feet to the perch, how many Cheshire acres, of 24 feet to 
the perch ? 

(12) How many acres, statute measure, in a farm contain- 
ing 184 Lancashire acres? 

(13) Required the number of statute acres in an estate 
containing 230 Cheshire acres. "^ 

(14) Required the number of Lancashire acres in a farm 
containing ^48 Cheshire acres. 

(15) Suppose that in a room where two men are sitting 
there is a fire ; A \% S feet distant, and B 6 feet. It is re- 
quired to find how much hotter it is at A*s seat than at /?'s. 

(16) If a body weigh 16 02. upon the earth's surface, what 
will its weight be 50 miles above it, taking the earth's diame- 
ter at 7964 miles } 

(17) If a body weigh 28 lbs, on the surface of the earth, 
what will be its weight at 100 miles above it, the earth's di- 
ameter being 79^4 miles ? 

(18) If 20 feet of iron railing weigh half a ton when the 
bars are 1^ inch square, what will be the weight of 50 feet 
of bars ^ .of an inch square^ and what will they come to at 
S^d. per Ih. ? 

(19) If a round pillar, 7 inches in diameter, has four feet 
of stone in it, of what diameter is the column of equal length 
that measures ten times as much? 

(20) If a pipe 12 inches long, 1 inch diameter, placed 4 
feet below the surface of water in a reservoir, will discharge 
7070 cubic inches of water in one minute, required the di- 
ameter of a pipe the same length, placed the same depth in 
the reservoir, to discharge 40000 cubic inches of water in the 
same time. 

(21) If two fly wheels be of the same weight, one of them 
12 feet diameter, revolving in 8 seconds, what proportion 
must the diameter of the other bear, when it revolves in 3 
seconds ? 

(22) Suppose two fly wheels, of the same diameters, the 
one revolving in 3 seconds and the other in 8 seconds. What 
will be the proportionate difference of their weights? 

Where the depth, length and breadth of one joist are given, 
to find any of the three terms in another of equal strength. 

RUI4E. Square the depths and lengths. 
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(23) A joist S4y2. loag, 12 in, deep^ 6 tn. thick. Required 
the depth of another, of equal strength, 30 Ji. long and 4 tit. 
thick. 

(24) Required the length of a joist 18*37 in, deep, 4 tn. 
thick, of equal strength vith one 24^. long, 12 tit. deep, 
6 tit thick. 

(25) If a joist be 24/2. long, 12 tit. deep, 6 in. thick, re- 
quirea the thickness of another 30 Ji. long, 18*37 in. deep. 

To find the length of a pendulum. — Square the number of 
vibrations per second, and proceed as in Proportion. 

(1 ) If a royal pendulum, 39*2 inches long, vibrate seconds, 
or 60 times per minute, how often will that pendulum vibrate 
in a minute that is 9 inches long? 

(2) Required the length of a pendulum that will vibrate 
half seconds, or 1 20 times in one minute. 

(3) What difference will there be in the number of vibra- 
tions made by a pendulum of 9 inches long, and another of 
18 inches long, in an hour's time? 

TO EXTRACT THE CUBE ROOT. 

Rule I. Divide the given numbers from the place of units 
into periods of three figures. 

Rule 2. Find the greatest cube in the left hand period, 
put its root in the Quotient, and subtract the cube itself from 
that period, and to the Remainder annex the second period 
for a Dividend. 

Multiply the square of the Quotient figures by 300 for a 
Divisor. 

Consider how often the Divisor is contained in the Divi- 
dend, and place the resulting figures in the Quotient. 

Draw a line under the Dividend, and multiply the Divisor 
by the figure last put in the Quotient ; to which Product add 
30 times the square of the last figure, multiplied by the other 
figure or figures in the root, and also the cube of the last 
figure put in the root. 

Subtract that sum from the Dividend, and to the Jtemain- 
der bring down another period for a new Dividend, with 
which proceed as before directed. 
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Required the cube root of 22069810125. 

• • • • 
22069810125(2805 
2X2X2= 8 

2 X 2 X 300 = 1200)14069^ 

1200X8= 9660") 
8X8X2X30= 3640 V + 
8X8X8= 512 ) 

13952 

28 X 28 X 300 = 235200)117810 

23520000 )1178 10125 

23520000 X 5 = II76OOOOO) 
5 X 5 X 280 X 30 = 210000 V + S — 
5X5X5=1 12 5) 

117810125 

1) Required the cube root of 15625. 

2) Required the cube root of 21024576. 

3) Required the cube root of 52734.S75. 

4) Required the cube root of 490982336369- 

5) Required the cube root of 1371 737997260631. 

6) Required the cube root of 674593 5400 ^042485 129- 

7) Required the cube root of *04 1063625. 



8) Required the cube root of 7835*8748. 

9) Required the cube root of 3. 

.... 

0) Required the cube root of OOOOO9I 125. 

1) Required the cube root of 784-67341688. 

2) Required the cube root of f ^f, of \^, and of ifgf . 



PROBLEM I. 

To find two geometrical means between two given numbers. 

Rule. Divide the greater extreme by the less, and the 
cube root of the Quotient, multiplied by the less extreme^ 
gives the less mean ; multiply the said cube root by the less 
mean, and the Product will be tlie greater mean proportional. 

(1 ) Required the two geometrical means between 8 and 27. 

(2) What are the two mean proportionals between 6 and 
162? 

g5 
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(3) What are the two mean proportionals between 7 and 
15379? 

PROBLEM II. 

To find the side of a cube, equal in solidity to any given 
solid, as a globe, cylinder, prism, cone, &c. 

Rule. The cube root of the solid content giveii is the side 
of a cube of equal solidity. 

(1) If the solid content of a globe be 2048383, what is the 
side of a cube of equal solidity ? 

(2) A chest is 4tjt 7 in. long, 2^/i. 3 in. broad, and 1^. 
9 in, deep. Required the side of a cube of equal solidity. 

PROBLEM III. 

The side of a cube being given, to find the side of a cube 
that shall be greater or less in quantity to the given cube. 

Rule. Cube the side given, and multiply it by the in- 
crease, or divide it by the decrease; the cube root of the 
Product or Quotient is the side sought. 

( 1 ) The side of a cubical vessel is 12 ; what will be the side 
of another vessel that will contain 3 times as much ? 

(2) The side of a cubical vessel is 24 ; required the side 
of another vessel that will contain only | of the quantity of 
the first? 

(3) Suppose tlie length of a ship's keel to be 125 feet, fhe 
breadth of the midship beam 25 feet, and the depth of the 
hold 1 5 feet ; I demand the dimensions of another ship, of 
the same form, that shall carry three times as much. 

(4) Or, suppose the ship is to be half the burden of that 
whose dimensions are given above. 

(5) What dimensions must I give to a joiner to make a 
cubical box, that will hold 2000 oranges, at 2^ inches diame- 
ter each, supposing the oranges globular, keeping that form, 
and laid in rows exactly on the top of each other ? 

PROPORTION, 

In which the Cube and Cube Root are required. 

(1) If a ball, 20 inches in diameter, weighs 55b' f lbs, what 
is the diameter of one of the same metal that weighs 1 5 lbs ? 

(2) If a 12 inch cable require an anchcn* 18 cwi. what 
weight must an anchor be for a 15 inch cable? 
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(3) If a 15 inch cable require an anchor 35*15625 ctvL 
how thick must a cable be for an anchor 1 8 ctvt, ? 

(4) If a vessel, whose side is 6, will contain 37*63 gallons^ 
wliat will be the contents of anodier whose side is 20 ? 

The proportion of the following metals : 

Brass is to iron as 9 to 8. 

Lead is to iron as 3 to 2. 

Lead is to stone as 4 to 1. 

Iron is to stone as 8 to 3. 

(5) If a brass ball weighs 64 lbs, what is the weight of a 
leaden one of the same bulk ? 

(6) If an iron ball, 2 inches diameter, weighs 3 lbs, what 
will a brass ball weigh that is 4 inches radius ? 

(7) If a ship of 300 tons have a keel ot^ 78 feet long, beam 
25 feet, stern 20 feet, stern post 24 feet, required the length 
of the keel, beam, stem, and stern post, of one double that 
burden. 

The power of iron to resist twisting is, cast iron will bear 
14 to wrought iron g. 

(8) The journal of a wrought iron shaft is 7 inches in di- 
ameter. Required the diameter of a cast iron shaft journal 
of the same power. 

(9) Admitting the journal of a cast iron shaft to be 9 inches, 
what should be the journal of a wrought iron shaft to resist 
torsion ? 

Where the depth and length only of a joist are givenj to 
find either of them in another of equal strength. 

Square the lengths and cube the depths. 

(10) If the length of a joist be 26 feet, and 9 inches deep, 
what must be the depth of another 2:2 feet long? 

(11) What length of a joist, 8 feet deep, will be equal in 
strength to another 26 feet long, 9 inches deep ? 



MENSURATION OF SUPERFICIES. 



PROBLEM I. 



To find the area of a Parallelogram, whether it be a square^ 
an oblong, rectangle, a rhombus or a rhomboid. 
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Rule. The Product of the length and breadth or altitude 
will be the area. 

( 1 ) A house stands on a square plot of ground measuring 
in front 36 feet 9 inches. Required the contents of the 
ground. 

(2) A factory stands upon a rectangular plot of ground, 
the length in front 84 yards 2 feet 3 inches, the breadth 1 5 
yards 1 foot 6 inches. How much ground does it stand 
upon, and what does the chief rent come to at 4|cf. per square 
yard? 

(3) A plank is 16 feet 6 inches long, 2 feet 3 inches 
broad. What length of a room will 28 such planks floor, the 
breadth being 1 6' ^et 9 inches ? 

PROBLEM II. 

To find the area of a Triangle. 

Rule 1. Half the Product of the base and altitude will be 
the area. 

(1) What is the area of the gable end of a factory, the 
base or distance between the eaves being 45 feet 8 inches, 
and the perpendicular from the middle of the base to the 
ridge, 16 feet 6 inches ? 

(2) A triangular field measures at the end 54 perches, and 
from the centre of the end to the angular point 36 perches. 
How many acres does it contain } 

When the three sides only are given. 

Rule 2. From half the sum of the sides subtract each side 
severally : multiply the half sum and the three Remainders 
continually together, and the square root of their Product will 
be the area. 

(3) How many acres are there in a triangular plot of land 
whose three sides are 380, 420 and 760 yards ? 

(4) What is the area of a triangle whose three sides are 
IS, 14 and 15 feet respectively? 

PROBLEM III. 

To find the area of a Trapezium or a Trapezoid. 

Rule. Divide the trapezium into two triangles by a dia« 
gonal; then half the Product of the diagonal and the two 
perpendiculars falling upon it will be the area. For a tra- 
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pezoid^ half the product of the two parallel rides and the 
perpendicular distance will be the area. 

(1) A garden is laid out in the form of a trapesium whose 
diagonal is 84 feet, and the perpendiculars '^8 and SI feet. 
Required the contents. 

(2) Required the area of a trapezium whose diagonal is 
108 feet 6 inches, and the perpendiculars 56 feet S inches 
and 6o feet 9 inches. 

(3) Required the area of a trapezoid whose two parallel 
sides are 25 feet 6 inches, and 18 feet 9 inches, and the per- 
pendicular distance between them 10 feet 5 inches. 

PROBLEM IV. 

To find the area of any irregular figure. 

Rule. Divide it by drawing diagonals into trapeziums and 
triangles. Find the area of each and their sum will be the 
whole area. 

PROBLEM V. 

To find the area of a regular Polygon. 

Rule 1 . Multiply the perimeter or sum of the sides by the 
perpendicular drawn from the centre to one of the sides, and 
half the Product will be the area. 

Rule 2. Multiply the square of the side by the correspond- 
ing tabular area or multiplier opposite name in the fol« 
lowing table, and the Product will be the area. 

No. of' sides. Names, Areas or Multipliers, 



3 


Trigon 


0-4330127 


4 


Tetragon 


1 -0000000 


5 


Pentagon 


1-7204774 


6 


Hexagon 


2-598076'2 


7 


Heptagon 


3-6339124 


8 


Octagon 


4-8284271 


9 


Nonagon 


6-1818242 


10 


Decagon 


7-6942088 


11 


Undecagon 


9-3656399 


12 


Duodecagon 


11-1961524 


Required the 


area of an Hexagon whose side is 27 feet. 


Required the 


area of a Decagon 


whose side is 16 feet 




problem VI. 



To find the diameter or circumference of a circle, the one 
from the other. 



terms. 
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Rule. If 7 cause lJ 22 effect. 

Diameter 1^^ circumference. 

Or, If 113... k>( 355. ^ For the diame- 

Diameter |^ circumference. ( 5^"®7^^®® "*^ 

Or, If 1 V^ 31416. 

Diameter f^ circumference. 

(1) Required the circumference of a wheel whose diameter 
is 12 feet. 

(2) -If the diameter of a cyh'nder be 3 feet, 6 inches, what 
will be the circumference ? 

(3) What is the diameter of a wheel whose circumference 
is 12 feet 4 inches? 

(4) If the circumference of a great circle of the earth at 
the equator were exactly 25020 miles, what would be the 
diameter } 

(5) Required the circumference of a drawing frame roller, 
whose diameter is 1 \ inch. 

(6) If a dofBng cylinder be 12 inches diameter, what is the 
circumference ? 

(7) How many laths 2^ inches broad will be required to 
cover the rings of a carding engine of $Q inches diameter ? 

(8) A pully of 24 inches diameter makes 12 revolutions 
while the strap revolves once. Required the length of thie 
strap. 

(9) The diameter of a carding engine is 54^ inches. How 
many sheet cards, each 4^ inches broad, will be required to 
clothe the circumference ? 

(10) Required the quantity of fillettingl^ inch broad, ^ 
inch thick, to cover a cylinder I2j diameter, 19^ long. 

(11) Required the length of inch rope to lap a drum 20 
inches in diameter, S6 inches long. 

(12) What difference in the lengths will there be in a rope 
one inch diameter, and a strap one inch broad and | thick, 
to lap a drum 18 inches in diameter and 24 inches long? 

(13) A drum of 24 inches diameter turns a pulley of 12 
inches, 42 revolutions per minute, what thickness of laths 
must be applied to the drum to turn the same pulley !)6 revo- 
lutions ? 

(14) The extreme point of the minute hand of a clock 
moved 5 inches in the space of 3^ minutes. Required the 
length of the index. 

(15) A lever of 5 feet long is fixed at right angles in a 
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• 

screw whose threads are ^ an inch asunder so that the lever 
turns just once round in raising or depressing the screw ^ an 
inch ; admitting the lever to be moved with a force equal to 
100 lbs, with what force will the screw press ? 

(1 6) A wheel 8 feet in diameter makes 24 revolutions per 
minute^ how many feet does the circumference travel in one 
second of time ? 

(17) Required the diiri»*ence between a square balk 48 
inches in circumference^ and a round tree 4 mches in cir- 
cumference^ the length of each being 20 feet 

PROBLEM VII. 

To find the area of a Circle. 

Rule. The area is equal to a fourth part of the Product of 
the circumference into the diameter ; or, the Product of half 
the circumference and half the diameter. Therefore, when 

, ,. .1. IX 3-1416 
the diameter is 1 the area = ■- = •7854. whence 

4 

we have 

Rule 2. Multiply the square of the diameter by *7854 and 
the Product will be the area. 

Rule 3. Multiply the square of the circumference by 
•07958 for the area. 

(1) Required the area of the end of a cylinder whose di- 
ameter is 1 2. 

(2) What is the area of a circular plate whose circumfer- 
ence is 8^ feet ? 

(3) What quantity of wood will be required to inclose the 
end of a cardmg engine cylinder^ the diameter inside the lags 
being 38 inches ? 

problem VIII. 

To find the side of a square inscribed in a circle. 

Rule. Multiply the radius by 1*41 42^ or multiply the di- 
ameter by -7071. 

(1) What is the side of a square inscribed in a circle whose 
diameter is 1 8 inches ? 

(2) If the diameter of a circle be 42 inches, what will be 
the side of an inscribed square ? 

(3) The radius of a circle is 34 inches. Required the side 
of an inscribed square. 
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(4) Required the difference in area between a circle whose 
diameter is 24, and a square inscribed in the same circle. 

(5) What is the difference in area between a square whose 
equal side is 24, and a circle inscribed in the same square 
^ose diameter is 24. 

PROBLEM IX. 

To find the length of a Circular Arc. 

Rule 1 . From 8 times the chord of half the arc subtract 
the chord of the whole arc, and ^ of the difference will be the 
length of the arc, nearly. 

Rule 2. Multiply the number of degrees in the arc by the 
radius, and by •01745 for the length of the arc. 

(1) The chord of the whole arc is 48*74, the chord of half 
the arc 30'25, Required the length of the arc. 

(2) Required the length of an arc of 60 degrees, the radias 
of the circle being 7 feet. 

PROBLEM X. 

To find the diameter of a circle from the base and hei^t 
of a segment of that circle being given. 

Rule. The versed sinel 
or height of the J- 

•^^ r a fourth proportional 
which being added to 
the segments' height will 
give ^e diameter. 

PROBLEM XI. 

To find the area of a Sector of a Circle. 

Rule 1. Multiply the length of the arc by the radius, and 
half the Product will be the area. 

Rule 2. cause. effect. 

360®. . 1 degrees in the arc. 

Area of circle ri area of Sector. 

(5) The chord of the whole arc is 24, and the chord of half 
the arc is 13, what is the area of the sector ? 

(4) The arc of a sector is SO^, and the diameter 3 feet, 
required the area of the sector. 



segment J ^^ half the chord or base. 

Same half chord . . . 
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(5) What is the area of a sector whose arc is 18*6^ and the 
radius of the circle 10? 

(6) The radius of a circle is 94 ^^^^' ^^^ ^® ^^ ^^ ^® 
sector 17^. 15'. what is the area of the sector? 

PROBLEM XII. 

To find the area of a Circular Segment 

Rule. To half the chord add the versed sine, square the 
sum and divide it by 2 which reserve. Then '1073 times the 
square of the whole length of the chord subtracted from the 
reserved sum will give the area. 

(1) The chord of the whole arc is 24 and the height or 
versed sine of half the arc is 5. What is the area of the seg- 
ment ? 

PROBLEM XIII. 

To find the area of a Circular Ring. 

Rule. Multiply the sum of the inner and outer diameters 
by their difference^ and that Product by *7854 for the area 
sought 

(1) Required the area of a ring the outer diameter 6, the 
inner 4. 

(2) The diameters of two concentric circles are l6and 10, 
what is the area of the ring formed by these circles ? 

PROBLEM XIV. 

To find the circumference of an Ellipse. 

Rule. The square root of half the sum of the squares of 
the 2 diameters multiplied by 3*1416 will be the circumfer- 
ence, nearly. 

(1) The transverse diameter is 24, and the conjugate 20. 
Required the circumference of the ellipse. 

(2) The two axes are 24 and 1 8, what is the circumference ? 

PROBLEM XV. 

To find the area of an Ellipse. 

Rule. Multiply the transverse diameter by the conjugate 
and by "7854. 

(1) Required the area of an ellipse whose transverse di- 
ameter is 24, and the conjugate 18. 

(2) If the axis of an ellipse be 35 and 25, what is the area ? 



188 A SYSTEM Of 

ON COTTON SPINNING. 



PERMUTATION 

Is the changing or varying the order of things. 

To find the number of changes that may be made in the 
position of any given number of things. 

Rule. Multiply the numbers 1^ 2, 3, 4, &c. continually 
together up to the given number of terms^ and the last Product 
will be the answer, 

(1) For how many days can 7 persons be placed in difier^ 
ent positions round a table at dinner ? 

(2) How many changes may be rung on 12 bells? 

Where cotton in preparation or yarn is doubled, the Pro* 
duct of the drafts, divided by the Product of the doublings, 
will give the length of the yam. 

(5) Suppose one yard in length of cotton is increased in 
draft; at the carding engine 36 times its length ; in the first 
head of drawing 5, in the second 6, in the third 6, in the 
fourth 6. One end up at the carding engine^ 4 ends at the 
first head of drawing, 6 at the second, 6 at the third, and 4 
at the fourth. Required the length of drawing at the fourth 
head. 

(4) Supposing the draft in the carding engine to be 34, 
in the first head of drawing 4*2, in the second 5, in the third 
5*4, in the fourth 6, in the roving frame 7, in the stretcher 
8*5, in the mule 11 '66 ; the number of ends up at each head 
of drawing 6, in the roving frame 2, in the stretcher 2, in the 
mule 2> what will be the length of yam delivered from the 
mule ? 

On Wheels and Pinions, 

Rule. The Product of the teeth of the wheels divided by 
the Product of the teeth of the pinions, will give the number 
of revolutions of the last pinion for the first wheel one ; and 
this Quotient, multiplied by the number of revolutions of the 
first wheel or shaft, in a given time, will give the number of 
revolutions of the last wheel, pinion, or shaft, in the same 
time. 

Or, if a power be applied to the first wheel, use it instead 
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of the number of revolutions, and the Quotient wfl) be the 
power applicable to the last wheel. 

(1) Suppose the wheel A contains 40, B 30, C 20 teeth; 
and the pinion 6 10, c 8, d 5 teeth ; required the number of 
revolutions made bjr the last pinion c while the wheel A 
makes one. 




(2) Suppose the fly shaft of a steam engine to make 26 
revolutions per minute has on a wheel of 60 teeth, driving 
one 24 teeth, staked on a shaft, on the other end of which is 
a wheel of 48 teeth, driving the next wheel of 32 teeth, staked 
on another shaft, having a wheel of S6, which drives a wheel 
of 24 teeth. Required the revolutions per minute of the last 
wheel. 

(3) Suppose the front roller to have a pinion of 20 teeth, 
the stud wheel 1 20, change pinion 22, the back roller wheel 
44. Required the number of revolutions of the ^ont roUer 
for the back roller one. 

(4) There is a wheel of 48 teeth acts on a pinion of 8, on 
whose axis is a wheel of 40, driving a pinion of 6, carrying a 
wheel of 36, which turns a pinion of 6, carrying an index. 
Required the number of revolutions the index makes for one 
revolution of the fiist wheel? 

(5) A line shaft in the mill makes 96 revolutions per 
minute, has on its axis a pulley of 28 inches diameter, turn- 
ing a pulley of 24 inches diameter, which has on its axis a 
pulley of 16 inches, that turns a pulley of 12 inches, placed 
on the axis of the crank, which gives motion to the picker of 
a loom. Required the number of picks per minute. 

(6) A stretching frame, having a rim of 30 inches diame- 
ter, makes 44 revolutions per minute, turns a pulley of 1 8 
inches diameter, which has on its axis a pulley of 15 inches 
diameter, which turns a pulley of 14 inches diameter on the 
axis of a tin drum of 12 inches diameter, that turns a warve 
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8 inches diameter placed on the axis of the spindle. The re- 
volutions per minute are required. 

(7) A force of 24.0 lbs. is applied to a wheel of 84 teeth, 
which turns one of 28, the next of 96 turns one of 48. Re- 
quired the power applicable to the last wheel. 

(8) What power must be applied to 4 wheels and pinions, 
the teeth being respectively 108, 24, 84 and 14, to raise 
3969 lbs. ? 

Having the pinions and number of teeth in each pinion 
given, to find the number of teeth in the wheels to produce 
a given number of revolutions in the last shafl. 

Rule. Find the continual Product of the teeth in each 
pinion, and the number of revolutions the last shaft is to 
make for the first one ; divide this Product by all the num- 
bers which will divide it without a Remainder; place the 
Divisors in one line, and divide them at pleasure into as many 
parcels as there are wheels required; the Product of the 
numbers in each parcel will give the number of teeth re- 
quired in each respective wheel. 

(9) The last shaft is required to make 720 revolutions for 
the first one; the pinions connecting contain 24, I6 and 12 
teeth respectively. Required the number of teeth in each of 
three wheels. 

( i 0) If the last shaft be required to make 84 revolutions 
for the first one, the pinions containing S6, 24, I6 and 18 
teeth, required the number of teeth in each wheel. 

(11) What will be the number of teeth in each wheel, the 
last shaft to make 96 revolutions for the first one, the pinions 
having 28, 24 and 20 teeth ? 

On the Drcifts of Rollers, Sfc, 

Rule. Multiply the number of teeth in the driving wheels 
and diameter of the back roller for a Divisor ; then multiply 
the number of teeth in the driven wheels and diameter of the 
front roller for a Dividend ; the Quotient will be the draft. 

(I) The diameter of the front roller is 1^ ipch, the pinion 
on it 20, the stud wheel 37, on its axis a 22, on the back 
roller 44, diameter of the back roller one inch. Required 
the draft. 
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No. 1, Pinion on the front roller; No. 2, Stud wheel; Na S, 
Cban^ pinion ; No. 4, Back roller wheel. 

(2) The front roller is 1 1 inch diameter, the pinion on it 
15, stud wheel .30, altering pinion 20, back roller pinion 35, 
diameter ]^ inch. Required the draft. 

(3) The front roller is li, pinion 24, stud wheel 74j, alter- 
ing pinion 28, back roller pinion 40, diameter 1 ^. Required 
the draft. 

(4) What is the draft of one head of drawing, the front 
roller 1 ^ inch diameter, the back 1 inch, pinion on the front 
roller 28 drives a 33, attached is a 32, drives a 60 on the 
back roller.? 

(5) The front roller is 1 1 inch diameter, pinion on it 26, 
stud wheel lf)0, change pinion 4^ back roller pinion 50, di- 
ameter 1 inch. Required the draft. 

(6) The diameter of the front roller is li inch, pinion 24, 
stud wheel 74, altering pinion 28, back roller pinion 40, di- 
ameter 1 j^^. Required the draft. 

(7) Admitting the diameter of the front roller of a jack 
frame to be 1^ inch, has on its axis a pinion of 22 teeth, that 
turns a wheel of 70, which has on its axis a pinion of 32 teeth, 
that turns a wheel of 42 teeth placed on the axis of the back 
roller of 1 inch diameter. Required the draft. 

Rule. Find the draft before alteration, and then the draft 
after ; the second draft, multiplied by the hank roving of the 
first draft, and divided by the first draft, will give the hank 
roving produced by the alteration. 

(8) Suppose a stretching frame to be making a 8 hank 
roving, the pinion on the front roller being a 24, the stud 
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wheel I20> the altering pinion 44^ the pinion on the back 
roller 40; change the 24 for a 32, and the 40 fbr a 56, the 
front roller diameter l|, the back |. Required the hank 
roving after the alteration. 

To find the quantity of cotton delivered from any part of 
the preparation in a given time. 

Rule. The revolutions of the roller or shaft, multiplied 
by the circumference of the roller delivering the same and 
the time given, will be the length delivered in inches. 

(1) What liength of cotton would be delivered per minute 
from a carding engine, the delivery roller 2^ inches diameter, 
and making 24 revolutions per minute ? 

(2) If the delivery roller of a drawing frame^ 3 inches in 
diameter> make 180 revolutions per minute> what length of 
drawing would be delivered P 

(3) If a back roller drawing frame, 1 inch diameter, make 
24 revolutions per minute, what length of drawing is taken in? 

To find the number of engines necessary to keep up with 
a given humber of heads of drawing. 

Rule. The Product of the length taken in by the back 
rollers, the number of heads of drawing used, and the number 
of ends put up in ieach head, divided by the length delivered 
in the same time by one carding engine, will give the number 
of engines requited. 

(1) A drawing frame of 4 heads, the back roller one inch 
diameter, making 24 revolutions per minute, has three ends 
up at each head. What ntimber of carding engines will be 
necessary to keep up with the drawing frame> allowing each 
engine to deliver 240 inches of cotton per minute p 

On Drafts required in Spinnings 

Rule. Divide the counts required by the single roving ^ 
this Quotient, multiplied by the length to be delivered from 
the rollers, and divided by the whole length of the stretch, 
will give tiie draft. 

(1) Required the draft to spin 240's from a 25. hank double 
roving, length of stretch 52 inches, the roller to deliver 36 
inches. 

(2) Required the draft to spin I'JCfs with a 17 hanks 
double roving, and deliver 39 inches from the roller, length 
of stretch 54 inches. 
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(3) Whiat draft wiU be required to spin 2 1 0*8 from a doable 
roving of ^£ hanks, the roller to deliver 38^ inches, length of 
the stretch 54 inches? 

(4) Allowing the hanks roving to be 12, the counts 156, 
the stretch 52, the rcdlers to deliver 40 inche8> the draft is 
required. 

(5) If the hanks roving be 19 single, the counts spinning 
250> the rollers to deliver 39 inches, the stretch 54 inches, 
required the draft. 

(6) If 140's be spun with 1 6 hanks double roving, the 
stretch being 54 inches, the roller to deliver 40 inches, re« 
quired the draft. 

Ofi the Hanks Roving, 

Rule. The Product of the counts of yam, and the length 
delivered from the rollers, divided by the Product of the 
draft and the whole length of the stretch, will give the hanks 
roving single. 

(1) I am spinning 140's with 14 draft and 56 inch stretch, 
40 inches delivered from the rdler. Required the double 
roving. 

(2) The draft is 13, the counts 130, stretch 56, delivered 
from the rollers 40. Double roving required. 

(3) Required the hanks roving to spin 166*8, the draft 10 
inches stretch, delivered from the rollers 40 inches, stretch 54. 

(4) If 450*8 be the counts, 9^ the draft, the length of the 
stretch 54, delivery from the rollers 39 inches, what hanks 
roving will be required ? 

To find the number of revolutions the back roller of one 
set of preparation should make to keep up with the other^ 

Rule. The Product of the number of ends delivered, the 
revolutions of the roller delivering the same, and the diameter 
of the same roller, divided by the Product of the number of 
ends intended to be put up, and the diameter of the back 
roller of the next preparation, will give the revolutions of the 
back roller to keep pace i^ith the rof'mer preparation. 

(1) Admitting there are 4 heads of a drawing frame, the 
front rollers 1^ inch diameter, making l60 revolutions per 
minute, and the ends delivered are to be removed to a jack 
frame, the diameter of the back roller 1 inch, 46 ends going 
up. Required the number of revolutions of the back roller 
to keep up with the four heads of drawing. 
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(2) The three last heads of a drawing frame front roller 
are l^inch diameter, and make 156 revolutions per minute; 
the cotton is removed to a jack frame back roller 1 inch di- 
ameter, 30 ends going up. What number of revolutions must 
the back roller make to keep up with the cotton ? 

On the Counts of Yarn. 

Rule. The Product of the hanks roving, the draft, and the 
length of the stretch, divided by the length delivered from 
the rollers, will give the counts of the yarn. 

(1) The draflis 10, the roving 12 hanks, the stretch 52 
inclies, the length delivered from the roller 40 inches. Re- 
quired the counts of the yam. 

(2) The hanks roving 19, the draft 9?, the stretch 54, the 
length delivered 39- Required the counts 

(3) The hanks roving 24, the draft 11*5, the stretch 54, 
the length delivered 38. Required the counts. 

On the Mendoza PuJhy. 

Case 1. Rule. Divide the teeth in the mendoza wheel by 
the teeth in the pinion on the front roller, from which Quo- 
tient subtract the diameter of the mendoza band, the Re- 
mainder will be the diameter of the mendoza pulley without 
gaining. 

(1 ) The pinion on the front roller contains 18, the mendoza 
wheel 78, the band f thick. Required the diameter of the 
pulley. 

Case 2. Rule. The Product of the diameter of the front 
roller, the number of teeth in the mendoza pulley, and the 
whole length of the stretch divided by the Product of the 
stretch, less the gaining, and the number of teeth in the 
pinion on the axis of the front roller, from which subtract 
the diameter of the mendoza band ; the Remainder will be 
the diameter of the pulley to effect the gaining required. 

(2) Suppose the front roller of a mule to be 1 inch diame- 
ter, the pinion l6 teeth, the mendoza wheel 72. Required 
the diameter of a pulley to gain 4 inches, the whole length 
of the stretch being 54 inches, the thickness of the band \ of 

an inch. 

(3) If thefront roller be l^inch diameter, the pinion 18, 
the mendoza wheel 80, the gaining 5 inches, the stretch 54, 
the band \ of an inch, what will be 3ie diameter of the pulley ? 
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Oi» StrHohinf^ mnd Gaining, 

Rule. The Product of the hank roving, the dfaft, and the 
len^h of the stretch, divided by the counts, will give thf^ 
length delivered from the rollers; and this Quotient subtracted 
from the whole length of the stretch will give the stretching 
and gcmiifig. 

(1) The length of the stretch 53, the draft 10, the roving 
IS hanks. Required the stretching and gaining to spin 1 &6% 

(2) Allowing the hanks roving to be 19, the draft 94> the 
stretch 54, the counts 250, Required the stretching and 
gaining. 

(S) The hank roving is 24, the draft il'5, the length of 
the stretch 54 inches, the counts spinning S80. Required 
the stretching and gaining. 

WketU i^tcesaaty fori thp Sirmfk 

The diameters of the front and back rollers and the draft 
given, to find the number of teeth in each of the wheels, re- 
quired to produce the dmft. 

RcjLE. Reduce the diameters to eighths of an inch. Then 
the diameter of the back roller multiplied by 8 will give thq 
wheel for the back roller. The diameter of the front roller 
multiplied by 4 will give the teeth in the change pinion. 

One half of the draft multiplied by the supposed pinion on 
the front roller will give the teeth in l^hci stud wheel. 

KoTC. The number of teeth in the stud wheel and back roHer 
wheel divided by 8, will be large enough for drawing frauiei^ throstles 
and jack irames. 

(1) The front roller is one indi diameter, the back rpUer 
|, supposed pinion 18. What number of teeth in the wheels 
shall 1 want for a 1 3\S draft ? 

(2) The front roller is I \ inch, the back roller 1 inch, sup- 

r»ed pinion 24. What number of teeth in the wheels shall 
want for 6-5 draft? 

The Twist necessary per inch of Roving or Ymm. 

Rule 1. The number of revolutions the spindle makes for 
the front roller one, divided by the circumference of the front 
roller, will give the number of turns per inch of yarn de- 
livered. 

(1) If the ^ndle raakee 15 tumafbr the front roUer one. 
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its diameter 1^ inch. Required the turns to each inch of 
roving. 

Rule 2. The square root of the counts multiplied by 3*75 
for twist, and 3*25 for wefl, will give the number of turns 
per spindle, per inch of yam. 

a I am spinning 225's twist, how many turns per inch 
d the spindle make ? 

(3) In spinning 22/)'s wefl, required the number o£ turns 
of the spindle per inch of yam. 

(4) Required the number of turns per inch per spindle to 
spin 25&S twist and weft. 

(5) What ought the turns per spindle per inch to be to 
spin 289's twist and weft? 

Rule 3. Square root of the 1 

counts given / lJ number of turns given. 

Square root of the 1 |^S J •number of turns re- 
counts required f \ quired. 

(6) Suppose a mule spinning 64's with 30 turns to one. 
inch of yam, how many turns in the same space will 81*9 
require ? 

(7) If the counts spinning be 144's with 45 tums^ how 
many turns will 256's require ? 

(8^ If the counts be 196 with 52 tums, required the turns 
to spm 324. 

Twist and Bevil wheels. 
Rule. 1. 

The square root of) 
the counts given j iJ the twist wheel given. 

The square root of I rS •the twist wheel required, 
the counts required j 

Rule 2. 



The square root of 1 

j nevu given ... ijt 1 

The square root of \ •Bevil required f^ l draft. 



the counts given J Bevil given ... ijt 1 draft. 



the counts required, j 

(1) If 196 hanks yarh have a bevil of 58, and a twist 
wheel of 54, what size of bevil and twist wheels mu^t 25(5 
have? 

On thuble Speed, 

The Product of the small wheels will be the Numerator, 
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atid the Product of the large wheels will be the Denominator, 
which reduce to the greatest common measure, the result 
will be the difierenoe of speed. 

(1) Admitting a mule to have on the axis of its rim a 
wheel of 40 teeu, that turns a wheel of 54 teeth, which has 
on its axis a wheel of 54 teeth, that turns a wheel of 40 teeth, 
giving motion to the quick speed. Required the difference 
of speed. 

The drafts in Carding Engines, 

Rule. The Product of the number of teeth in all the leaders, 
and the diameter of the delivery roller divided by the Pro- 
duct of all the followers, and tlie diameter of the feeding 
roller, will give the draft of the engine. 

Note. The wheel on the main cylinder is a follower to the feed- 
ing roller wheel, and a leader to the doffing cylinder wheel ; and the 
latter wheel is a follower to the main cylinder wheel, and a leader to 
the delivery roller wheel. 

(1 ) What is the draft of a cardinff engine, the wheel on the 
feeing roller 140, pinion 14, wheel 140, main cylinder 
pinion 20, wheel 96, pinion 24, doffer wheel 9^, delivenr 
roller wheel 27> circumference of delivery roller 12*5, di- 
ameter of feeding roller 1 1 inch ? 

(2) The feeding roller is 1^ inch diameter, wheel 14O5 
pinion 14, wheel 140, main cylinder pinion 18, wheel 96, 
pinion 22, doffer wheel 96, delivery roller wheel 24, circum- 
ference of roller 1 1 f . Required the draft. 

(3) The feeding roller is 1 inch diameter, the wheel 140, 
pillion 14, wheel 140, axle pinion 22, wheel 120, pinion 26, 
doffer wheel 120, delivery wheel 30, diameter of the roller 3^ 
inches. Required the draft. 

Tojind the weight of cotton to he put on the lap ftrame, spread 
a given length to produce a required No. of hanks yarn. 

Rule. The Product of all the drafts and length to be 

.spread, divided by the Product of all the doublings, will be 

tne length of yam in inches, produced from the last process, 

which reduce to hanks, then find by proportion the weight 

required. 

The draft of a spreading machine is 2, carding engine 1 08, 
first drawing 6, second 6, third 6*, bobbin frame b'SS, jack 
frame 7*2, mule 9 ; 4 ends up at the first head of drawing, 
6 ends up at the second head, ^ ends up at the third head, 2 
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ends up at the bol>bm frame, 2 ends, up at the jack f]^ame«< 
single roving in the mule. What weight of cotton must I 
put on the lap frame, 52 inches long, to produce 36 haiik» 
yam without allowance for waste ? 

Filleting reqniredjbr the doffing Cylinder, 

Rule. To the diameter of the cylinder add the thickness, 
of the filleting, which sum take as the diameter ; then tbe> 
circumference of the cylinder multiplied by its length, and 
divided by the breadth of the filleting, will give the length 
required. 

( 1 ) Required the quantity of filleting to cover a cylinder 
12^ inches diameter, 20 inches long, the fillet with the wire* 
^ inch thick and 1 ^ broad. 

(2) A doffing cylinder J 6^ inches diameter, 40 inches long, 
18 to be covered with filleting ^ inch thick and 1 ^ broad, the 
length is required. 

Ratio of two Pulleys, 

The Product of the drivers will be the Numerator, and the 
Product of the driven will be the Denominator, the Quotient 
will be the ratio of the lesser pulley. The circumference of 
the doffing cylinder multiplied by the space over which it 
passes befbre the doffer strikes, will give the ratio of the 
greater pulley. 

A carding engine has on the axis of the main 'cylinder 
a pinion of l6 teeth, that turns a wheel of 136* teeth, on its 
axis a pinion of 44, that turns a wheel 138 teeth, placed on 
the axis of the doffing cylinder the diameter of which is 124 
inches. Required the ratio of two pulleys, one on the axis of 
the main cylinder, the other on the axis of the doffcr crank, 
that, may cause the doffer to strike once while tlie doffigug 
cylinder moves over | of an inch. 

To produce the same counts of yarn from an extra doubling in 

the preparation 

Rule. Find the draft of the rollers through which the 
cotton has to pass, commencing at the first bead of drawing 
to the place of the intended increase of* doubling, which muU 
tiply by the counts then spinning, and divide by the decrease 
in the counts caused by the additional doubling ; divide th« 
Quotient by the increased draft in the fiy frame, the latter 
Quotient will be a power, the root of which must be extmcted 
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according to the number o£ heads of drawing through which 
the cotton has to pass ; that is^ if ri heads o£ drawings extract 
the square root ; if three heads^ the cube root ; if 4 heads the 
iiiquadrate root. 

There are 3 heads of drawing, the draft in each head ii 
^'^, the draft in the fly frame 10*5, the counts spinning SO's. 
I intend to put 2 ends up at the fly frame with a draft of 
19'5. Required the proportionate drafts in the three heads 
of drawing to produce 80*8 as before. 

Tojind the draft of a ttAe frame which is to supply the place ef 
a can frame and Jack frame or stretcher. 

Rule. Find what portion of a hank a given length of the 
last drawing will produce, (see No. 9- in Proportion) which> 
multiply by the doubling in the tube frame ; this Product 
multiplied by the coanCsto be spun will give the amoimt of 
draft to be apportioned to the tube frame and raule^ to pro- 
duce which, work by double position, (see Question 9) the 
result will be the draft for the mule, which .multiplied by 2} 
will give the draft of .the Jtube fcame. 



ON BLOCKS AND PULLEYS. 

PBOBLEM I. 

To find the power to raise the weight 

Rule. .Divide the weight to be raised by twice the num- 
'ber of moveable pulleys, and the Quotient is the power to 
raise the weight. 

Two blocks having 3 pulleys or shieves each, the one 
fixed and the other moveable, required the power to raise 
216. 

PROBLEM II. 

To find the weight to be raised. 

RuLK. Muitiply the power by twice the nuHiber of move- 
Jable pulleys, and the Product is the weight to be raised. 

What weight will a power of 64 lbs. lift when applied to a 
H and 5 thieved block and tackle, the 4 shieved block being 
moveable ? 
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DUODECIMALS, 
Or Midiiplicaiion of Feet and Inches. 

Note. A foot is divided into 12 inches, an inch into 12 parts or 
primes, a prime into 12 seconds. 

Rule. Write the Multiplier under the Multiplicand ; feet 
under feet, inches under inches, &c. 

First. Multiply the Multiplicand, beginning at the lowest 
denomination, by the feet in the Multiplier, and place each 
Product under that denomination of the Multiplicand from 
which it arises, always carrying at 12. 

Next. Multiply by inches and set each Product a place 
farther to the right hand. 

Lastly. Multiply by the parts and set each Product another 
place towards the rignt hand. 

NoTV. Feet multiplied by feet give feet. 

Feet multiplied by inches give inches. 
Feet multiplied by primes give primes. 
Inches multiplied by inches give primes. 
Inches multiplied by primes give seconds. 
Primes multiplied by primes give thirds. 






, ^• 


in. 


p. Ji. in. 


, ^• 


in. 


p. JL 


• 

tff . p. 


(1) 48 


6 


Oby 3 4 


(12) 83 


4 


5X9 


10 


(2) 98 


3 


Oby 5 6 


(13) 87 


11 


11 X 11 


11 


(3) 548 


5 


Oby 7 11 


(14) 78 


11 


4X7 


8 3 


(4) 141 


6 


X 6 10 


(15) (SZ 


4 


8X8 


96 


(5) 891 


5 


0X98 


{\^) 91 


4 


9X9 


7 9 


(6) 146 


3 


0x89 


(17) ZZ 





8X7 


6 8 


(7) 678 


4 


8X711 


(18) bb 


8 


7 X 72 


8 


(8) 37 


6 


9 X 11 10 


(19) 77 


11 


8 X 37 


11 8 


(9) S5 


11 


10 X 10 11 


(20) 88 


10 


4 X 48 


10 


10) 67 


8 


11 X 9 11 


(21) 73 


5 


8 X 33 


6 4 


11) 87 


6 


8 X 11 10 


(22) ^^ 


8 


9 X 55 


11 9 



(23) What is the price of a 
measuring 5 feet 7 inches, by 1 

(24) There are 8 windows to 
3 feet by 1 foot 6 inches, what 
per foot ? 

(25) A house contains 3 tier 
the height of the first is 7 feet 
8 inches, and the third 5 feet 4 
IS 3 feet 11 inches, what will 
foot? 



marble slab at 6s. per foot, 

foot 10 inches ? 
be glazed, each measuring 
will the glazing cost at 7fd, 

of windows, three in a tier, 
10 inches, the second 6 feet 
inches, the breadth of each 
the glazing cost at 14(i. pcsr 
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. (26) The circuit of a room is 97 feet 8 inches, and the 
height 9 feet 10 inches, what wiU the painting of it cost at 
2*. 8frf. per yard? 

(27) What is the difference between a floor 28 feet lonff 
by 20 broad, and two others each 14 feet by 10 feet, and 
what do they come to at 45«. per square of 100 feet? 

(28) How many gallo is of water will a cistern contain, 
the inside dimensions being 45 feet 6 inches, 22 feet 8 inches, 
and 1 2 feet 9 inches ? 

(29) A water cistern 4 feet 6 inches long, 3 feet 4 inches 
broad, and 2 feet 9 inches deep, is to be lined with sheet 
lead 7^ lbs. to the square foot at <£l..l 0..3. per cwL Required 
the expense. 

(30) A partition 7 feet 8 inches by 10 feet 3 inches, de« 
ducting a door 6 feet 3 inches by 2 feet 10 inches, is to be 
plastered, what will it cost at 5€L per square yard? 

To reduce walls of any thickness to standard. 

Rule. Multiply the area by the number of half bricks 
contained in the breadth of the wall, and divide the Product 
by 3. 

(31^ If the area of a wall be 4085 feet, and the thickness 
2^ bncks, what is the content in rods ? 

(32) A wall is 62^ feet long, 14 feet 8 inches high, and 
2^ bricks thick. How many rods does it contain ? 
' {33) If the side walls of a house be 28 feet 10 inches in 
length, the height of the roof from the ground 55 feet 8 
inches, and the gable end or triangular part to rise 42 
courses of bricks (4 courses = 1 foot) 20 feet high are 24 
bricks thick, 20 more 2 bricks thick, 15 feet 8 inches l\ 
brick thick, and the gable 1 brick thick. Required the ex- 
pense of the whole at £5.. 16. per rod. 

BOARD MEASURE. 

Rule. Multiply the length by the breadth, and the Pro- 
duct will be the answer. 

(1) If a plank be 17^ inches broad and 29 feet long, what 
is the content ? 

(2) What is the content of a board whose length is 5 feet 
7 niches, and breadth 1 foot 10 inches ? 

(3) What is the value (^ a plank whose length is 12 feet 



6 inchto, and bi«adth 11 inches throughont, «t 1^. per 
square ft>ot ? 

(4) Find the value of 5 oaken planks at 3d, per foot^ eadi 
being 1 74 ^eet long, their breadths as follow ; two of 13^ inches 
in the middle, one of 14^ inches in the middle, and the two 
remaining ones each 18 inches at the broader end and 1 1^ at 
the narrower end ? 

(5) ^^ bat is the content of 11 logs of boards as follows: 

inches. 



No. 1. 


7 feet 


inches 


by 


10 feet 


4 


2. 


8 







• .. . 
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10. 
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12 
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PROBLKM II. 









•.• ••• ••• 



To find the solidity of square or four sided timber. 

Rule. The Product of the mean breadth^ the mean thick* 
Bess and the length will give the solidity^ according to the 
customary measure. 

(6) The length of a piece of timber is 20^ feet, the bi«eadth 
at the greater end is If foot, and the thickness 1^ fbot ; «ko 
at the less end the breadth is 1^ foot, and the ihickjOMBSB 1 
foot; what is the solidity? 

(7) The length of a piece of timber is 24*5 feet, and its 
ends Are equal squares, whose sides are each 1*04 feet, what 
is the solidity. 

(8) What is the solidity of a piece of timber 27'36 feet long, 
the breadths 1*78 foot and 1*04 foot^ thickness 1*23 foot and 
•91 foot. 

PROBLEM III. 

To find the solidity of timber broader «t one end than tke 
other. 

Rule. To the areas of the two ends add the square root of 
their Product, which multiplied by ^ of the length will give 
the solidity. 

(9) Jf.a'|Moe cittimhwhe 39 indves braad -and :20 inches 
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deep at the greater end, and 10 inches broad and 6 deep at 
the less end, and 18 feet long, how many feet of timber 
does it contain ? 

(10) Suppose a piece of timber be 24 inches by 18 at the 
greater end, and 12 by 8 at the less end, and l/> feet long, 
required the solid content. 

(11) The length of a piece of timber is ^0*58 feet, and the 
ends are unequal squares, the sides of the greater being 19if 
and that of the less 9| inches, what is the solidity ? 

PROBLEM IV. 

To find the solidity of round or unsquared timber. 

BiiLB 1. Multiply the square of the quarter girt (or the 
square of one fourth of the circumference) by the length, and 
the Product 'vill be the content accordi/ig to comiuan practice. 

(12) -A piece *of- timber is 9f feet long, and the quarter 
girt is 39 inches, what is the solidity ? 

(13) The length of a tree is 25 feet, and the girt through- 
out :.'4 feet, what is the. solidity ? 

(14) The length of a tree is 14^ feet, and its girt ia the 
atiddle 8*15 feet, required the solidity. 

(1.5) An oak tree is 45 feet 7 inches long, and its qiiaiter 
girt .'* feet 8 inches, ^what is ^eaol id content, allowing ^^ for 
bark. 

(16) The girts of a tree in 4 places are as follow, 5 feet 9 
inches, 4 feet 5 inches, 4 feet 9 inches, and 3 feet 9 inches^ 
the length 1 5 leet, whfit is the solidity? 

Rule 2. Multiply the square of one fifth of the mean girl 
by twice the lengtn, and the Product will be the solidity 
nearly, and it will be more accurate than the former. 

(] 7) A piece of timber is 9f feet long, and | of the girt is 
2 '6 feet, what is the solidity ? 

(1 8) If the length of a tree be ^ feet, and the girt through* 
out 8 feet, what is the content ? 

(19) If a tree girt 14 feet at the thicker end, and 2 feet at 
the smaller end, tlie length 24 feet, required the solidity. 

(20) A tree girts in 5 different places as follow, 9'43 fee^ 
7*92 feet, 6'* 15 feet, 4*74 feet, and 3"l6 feet, and the whole 
length 17i feet, what is the solidity ? 



h5 
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ON THE STRENGTH OF BEAMS TO BEAR 

WEIGHT. 

Table of Multiplicands for the Transverse strength of timber. 

Red Pine 1341 



English Oak 14*26 

Canadian ditto 1 766 

Ash 2026 

Beech 1556 

Elm 1013 

Pitch Pine 1632 



Fir 1100 

Larch 1127 

Teak 246S 

Larch 653 



PROBLEM I. 

.' To find the strength of a beam fixed at one end and loaded 
at the other. 

Rule. The product of the tabular number^ the breadth, 
and the square of the depth in inches, divided by the length 
in inches^ will give the weight in lbs, 

(1) What weight will be required to break a beam of 
English oak, the breadth being 3 inches, tlie depth 6, and 
the length 20 feet ? 

(2) Required the weight to break a beam of fir 8 inches 
square, 4 feet from the wall. 

(3) V\ hat weight will break a beam of pitch pine, the 
breadth 4 inches, the depth 5 inches, and the length 1 6 feet ? 

PROBLEM II. 

To find the strength of beams when supported at both ends 
and loaded in the middle. 

Rule. The Product of the tabular number, the square of 
th^ depth, and four times the breadth in inches, divided by 
the length in inches, will give the weight in lbs. 

' (4) What weight will break a beam of ash 6 inches broad, 
9 inches deep, and 30 feet between the supports ? 
• (5) A beam of elm 8 inches deep, 5 inches broad, and 10 
feet long, supports a weight of 4 tons, what additional weight 
will break the beam ? 

(6) What weight will break a beam of oak, 8 inches deep, 
6 inches broad, and 24 feet between the supports ? 

PROBLEM III. 

To find what weight each support of a beam bears when 
the pressure is not in the middle. 
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Rule. The Product of the weight and the shorter distance 
from the support, divided by the whole length of the beam, 
will give the weight borne by the farther support. The 
pro.luct of the weight and the longer end, divided by the 
length, will give the weight borne by the nearer support. 

(7) A beam 24 feet long, supported at both ends, bears a 
weight of 5 tons, 10 feet from one end, required the weight 
on each support 

(8) A beam supported at both ends,- 16 feet long, carries a 
weight of 6 tons, S feet from one end, and another weight of 
4 tons, 2 feet from the other end, required the weight on 
each support. 

(9) A beam supported at both ends, 20 feet long, bears a 
weight of 5 tons, 4 feet from one end, and 6 tons, 3 feet from 
the other, required the weight on each support 

CAST IRON BEAMS. 

PROBLEM I. 

' To find the breadth of a cast iron beam to bear a given 
weight in tlie middle. 

Rule. The Product of the given weight in lbs. and the 
length of the beam in feet between the supports, divided by 
850 times the square of the depth in inches, will give the 
breadth. 

(1 ) Required the breadth of a beam 16 feet long, 14 inches 
deep, to be loaded with 12 tons. 

(2) What breadth should, a beam be to support 18 tons, 
the length ii4f feet, the depth 16 inches. 

(3) A beam 14 feet long, 9 inches deep, should bear a 
weight of 12 tons, required the breadth. 

(4) if a beam should bear 27 tons, and the length 30 feet^ 
the depth 24 inches, what should the breadth be? 

PROBLEM IL 

To find the depth of a cast iron beam to bear a given 
weight in the middle. 

Rule. The square root of the Product of the length of 
bearing and given weight in lbs. divided by 850 times the 
breadth in inches will give the depth required. 

(5) Required the depth of a beam 20 feet long and 3 inches 
broad, to support a weight of 13 tons. 

(6) Requirc^d the depth of a beam to bear 12 tpns^ l6 feet 
long, and 5 inches broad. 



(7) WlMt depth should a hewn be to 1^»^ur -18 toas, the 
length 24 fbet, and the breadth 4'5 inches ? 

(8) If a beam bear 97 tons, the length SO feet, the^inreadlii 
5*5 inches, what should the depth be. 

PROBLEM III. 

To find the breadth when the weight is not in the xniddlc 
between the supports. 

Rule. Four times the Product of the shortlength and long 
length divided by the whole length between the supports, 
will give the effective leverage in feet. 1 his Quotient mul- 
tiplied by the weight and assumed depth, and divided by 850, 
Will 'give a cube, the root of which will be the depth re- 
quired, end which root divided by the assumed number will 
give tlie breadth. 

(9) What are the sectional dimensions of a beam ]£ feet 
long, supporting a weight of 1 5 tons 3 feet from one end, 
when the breadth is ^ of the depth ? 

()0) Required the sectional dimensions of a beam 20 feet, 
supporting 13 tons 4 feet from the end, when the breadth is 
^ of the depth. 

(1 n A beam 24 feet long bears 18 tons 6 feet from one 
end, tne breadth being } of the depth, what are the sectional 
dimensions ? 

PROBLEM IV« 

To find the breadth when the load is uniformly distributed. 

Rule. Worked as in Problem I. only change the Divisor 
from 850 to 1 700. 

(12) Required the breadth of a beam l6 feet long, 1$ 
inches deep, to bear 10 tons. 

(13) What breadth should a beam be to bear 20 tons, the 
length 18 feet, depth 12 inches? 

(14) A beam 28 £eet long> 16 'inches deep should bear 2S 
tons, what ought the breadtlfi to he ? 

PROBLttM V. 

When no particular breadth or depth is . given,, assume a 
number at will for the proposed depth. 

Rule. The product of the assumed number, the length in 
feet, and the weight in lbs. divided by 850 will give a cube, 
the root of which will be the depth ; this divided by the 
sumed number will give the breadth. 
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i^B) Wlutt are 'ike etou sectional dhnctnifim'of a beam 20 
feet long, to support a we^ht of 12 torn, the depth being 
twice the breadth ? 

(16) Required the cross vectional dimensions of a beam 
16 ^t4ong to. bear 14 tons^ the depth being 3 times the 
breadth. 

(17) A beam 28 feet long is to bear 22 tons^ the depth 
being 4 times the breadth, what are the cross sectional di- 
mensions ? 

PROBLEM VI. 

When the beam is fixed at one end and loaded at the other, 

ftoLB. Take the horizontal length in feet of the projected 
beam when fixed at one end for the length, and work l^ 
Rule in Problem I. using 2 1 2 instead of 850 for the Divisor. 
When the load is uniform use 425 for a Divisor. 

Note. The rules of this probl^n apply to the teeth of irheels, the 
length being the length of the teeth, and the depth the thickness of 
^he teeth. 

(18) If the power acting at the nitch line of the wheel be 
75! K) lbs. the thickness of the teetn i|, the length 3 inches. 
Query the breadth. 

7.500 X *25 
— ^ ^ = 2'88 inches to allow for wearing double the 

^12 X 1 75 quotient 

(ig) If the thickness of the teeth be 1^ inch, the length 
24, the power acting at the |»itch line 5000 lbs. what should 
the breadth be ? 

PROBLEM Vlf. 

To^find the dimensions of the teeth of wheels. 

Rule. Divide tlie stress at the pitch line in pounds by 
I'^OO^iand the square root of the Quotient is the thickness of 
the teeth in inches. 

The stifMB upon teeth should not exceed 400 ibs, for each 
inch in breadth. T^e length ought not to exceed the^thiok* 
ness. 

(20) The power acting at the pitch line of a wheel is 6OOO 
pounds, required the thickness and breadth of the teeth. 

(21) What is the thickness and breadth of the teeth of a 
wheel required to exert a power of 8000 lbs* at the pitdb 
circle ? 



158 A SYSTEM OF 

(22) Required the breadth and thickness of the teeth of a 
wheels power at the pitch line being 4500. 

PROBLEM VIII. 

To find the diameter of a solid cylinder when the weight 
is in the middle. 

Rule. The Product of the weight in lbs. and the length in 
feet divided by 500, and the cube root of the Quotient will 
be the diameter in inches. 

(S3) The weight of a water wheel is 15 tons^ the length of 
the shafl IS feet^ required the diameter of the journal. 

(24) What is the diameter of the journal of a shaft 18 feet 
long^ to bear a water wheel of 16 tons? 

PROBLEM IX. 

When the weight is between the middle and the end. 

Rule. The Product of the short end^ the long end^ and 4 
times the weight in lbs. divided bv 500 times the length in 
feet, will give a cube, the root of which is the diameter in 
inches. 

(25) Required the diameter of the journal of a shaft 12 
feet long, to bear a wheel of 7 tons, 8 feet from one end. 

(26) A shaft 9 feet long is to carry a wheel of 6 tons^ 4 
feet from one end, required the diameter of the journaL 

PROBLEM X. 

When the weight is uniformly distributed. 

Rule. Multiply the length in feet by the weight in pounds, 
and one tenth of the cube root of the Product, will be the 
diameter in inches. 

(27) A weight of 15 tons is to be equally distributed over 
a shafl 13 feet long, required the diameter of the journal. 

' (28) What is the diameter of the journal of a shaft 18 feet 
long, to bear l6 tons uniformly distributed? 

PROBLEM XI. 

When fixed at one end and loaded at the other. 

Rule. One fifth part of the cube root of the Product of 
the length project in feet and weight in pounds, will be the 
diameter in inches. 
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JOURNALS OF SHAFTS. 

Rule. Multiply the length and weight together; extract 
the cube root, to which add one-third of itself, this will give 
the journal of the shaft. 

What is the diameter of the journal of a water-wheel shaft, 
12 feet long, the weight of the wheel 14 tons? 

To resist twisting use the following multipliers : 

For shafls connected with the first motion or power 400. 

Inside shafts, or second power 200. 

Small shafls 100. 

Rule. The tabular number, multiplied by the horse 
power, and divided by the revolutions per minute, will give 
the cube of tlie diameter. 

(1) Required the diameter of the journal of a shaft for the 
By wheel of a 45 horse power engine, making 90 revolutions 
per minute. 

(2) A shafl connected with the second power makes 120 
revcdutions per minute, the steam power 50 horses. Required 
the diameter of the journal. 

(S) A third power shaft makes 1 80 revolutions, the steam 
power 36 horses. Required the diameter of the journal. 

' The power applicable to a shaft. 

Rule. The cube of the diameter of the journal, multiplied 
by the number of revolutions, and divided by the tabular 
number, will give the horse power. 

(4) The diameter of a first shaft is 6 inches, the revolutions 
go. Required the power applicable. 

(5) The diameter of a second shaft is 8 inches, the revolu- 
tions 80. Required the power. 

(6) The diameter of a third power shaft is 2 inches, the 
revolutions 120. Required the horses' power applicable. 



STRENGTH OF WHEELS. 

To find the breadth and thickness of arms, according to 
their length iind number in the wheel. 

The Product of the weight or power acting at the end of 
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the ami and the cube of the length, divided by 2656 timet 
the number of arms and the deflection will give a Quotient, 
which divided by the assumed breadth will givethe cube of 
the proportionate depth. 

(1) The force acting upon a spur wheel is l600/6x. the 
arm or radius of the wheel 6 feet long, the number of arms 8, 
deflection (>q of an inch, assumed breadth ^^ inches. Required 
the depth. 

(2^ The .force upon a spur wheel .is 2000 ihs. ,the arms 8 
feet long, their number 8^ deflection ^'^ of an inch, assumed 
breadth 3 inches. Required the depth. 

To find the power applicable to. a wheel. ^ 

Rule. The Product of the breadth of the teeth and square 
of the thickness, divided by the length, will give the propor* 
tional strength in horses' power, at .the .rate, of 2:27, feet per 
second. 

Cause. Efiect 

Then, if 2*27 wyj horsesl' power. 

Given velocity ri power applicable. 

(1) The .teeth of awheel flared inches broad, l^incih't^ck, 
and 1*8 inch long, velocity of 3 feet per second. Required 
the power. 

(2) The velocity of a wheel is 4 feet per second, the teeth 
1 -25 thick, 1 i inch long, 4 inches broad. What power is ap- 
plicable } 

ON THE PITCH OF TEETH IN WHEELS. 

The pitch ^iven to: find the number of teeth. 

Rule. The circumference of the wheel, divided by the 
pitch of the teeth, will give the number of teeth in the WheeL 

(1) How many teeth in a wheel of 40 inches diameter at 
the pitch line, the pitch of the tooth 2 inches? 

The number of teeth and the pitch given, to find the di- 
ameter 

Rule. The Product of the number 4)f teeth and the pitch« 
divided by the circumference of unity, or 3*141 6, will give 
the diameter. 



(2) A wheel is to have 21 teeth, with a pitch of 2t 
'Required itlie 4i«met€r. 
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The diameter and number ofteeth given^ to find the pitch. 

The circumferenoe, divided by the number of teeth, will 
give the pitch. 

(3) A wheel 70 inches diameter has 146teeth« What if 
the pitch of the tooth ? 

To £nd the pitch and length of teeth. 

The thickness, multiplied by 2«1 will give the pitch. 

The same thickness, multiplied by 1 '2 will give the length. 

(4) The thickness of a tooth is 1^ inch. Required the 
pitch and length. 

(5) A tooth is 1} incli thick. Required the pitch and 
length. 

(6) If the thickness of a tooth be 1^ inch, what will the 
pitch and length be ? 



GRAVITATION, OR THE FALLING OF BODIES. 

PHOBL.KM I. 

To find the velocity a falling body will acquire in any 
given time. 

Rule. Multiply the time in seoonds by d2|, the Product 
is the velocity acquired in feet per second. 

(1) Required the velocity in 8 seconds. 

(2) Required the velocity in 32 seconds. 

PHOBLRM II. 

■ To £nd the velocity a body will acquire by falling from 
any given height. 

Rule. The square root of the Product of the space in feet 
and 64^ will be the velocity acquired per second. In ascer* 
taining the velocity of water, subtract ^^ of the root for the 
true velocity. 

(8) A ball has pass)^ through ^56 feet. Required the 
velocity. 

(4) If the height of a weir be 16 feet, what will be the ve- 
locity of the water? 

(5) If the fall of water is 30 feet, with what velocity will 
tke wutter act upoa the wheel? 
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PROBLEM III. 

To find the space through which a body will fall in a given 
time. 

Rule. The square of the time in seconds multiplied by 
l6^^y will give the space in feet. 

(6) Through what space has a ball passed in 8 seconds } 



HYDROSTATICS, 



PROBLEM I. 



To find what pressure of water the bottom of a cistern 
supports. 

Rule. The Product of the lengthy breadth and depth in 
feet, and the number of pounds in one cubic foot of water, 
will give the pressure in pounds. 

(1) A cistern 6 feet long, 4 feet broad and 7 feet deep, is 
filled with water. Required the pressure. 

(2) What will be the pressure on the bottom of a cistern 
9 feet long, 8 feet broad and 1 1 feet deep ? 

PROBLEM II. 

To find the pressure at the side of a cistern. 

Rule. The area of the side, multiplied bv half of the depth 
and the pounds in a cubic foot of water, wiU give the pressure 
in pounds. 

(S) The gate of a sluice is 14 feet deep, 12 feet broad* 
Required the pressure against it. 

' (4) Required the pressure against the gate of a sluice 16 
feet deep, 4 feet broad. 

PROBLEM III. 

To find the area of a stream. 

Rule. Multiply the depth by the breadth, 

. (5) If the depth of a stream be 6 feet, and the breadth 18 
feet, required tne area. 

PROBLEM IV. 

Case 1. To find the pressure on a flood-gate, &c. 

Rule. The Product of the breadth and square of the 
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depthj both in feet, multiplied by 31*25, wDl give the pres- 
sure in lbs. 

(6) Required the pressure upon a flood-gate 25 feet broad^ 
the depth below the surface of the water 12 feet. 

(7) A flood-gate is 18 feet broad, 16 feet below the surface 
of the water. Required the pressure. 

(8) What is the pressure on a flood-gate 28 feet broad, 18 
feet below the surface of the water. 

Case 2. If the gate be wider at the top than the bottom. 

Rule. One-third of the difference of the top and bottom 
breadths, added to the bottom breadth, multiplied by the 
square of the depth and 31*25 will give the pressure in lbs. 

(9) A flood-gate is 28 feet at the top and 22 at the bottmn, 
the depth of water 12 feet Requirea the pressure, 

(10) The top Breadth of a flood-gate is 30 feet, the bottom 
24, the depth of water l6 feet. Required the pressure. 

(11) What is the pressure against a flood-gate, the top 
breadth 20 feet, the bottom breadth 14 feet, the depth of 
water 15 feet? 



HYDRAULICS. 



PROBLEM I. 



To And the number of cubic feet of water flowing per 
second from a sluice, without any pipe or goit connected 
with it. 

Rule. The square root of the depth in feet, multiplied by 
^*4 gives the velocity ; this Product, multiplied by the area 
k>£ the orifice in feet, will give the number of cubic feet flow- 
ing per second. 

( 1 ) Required the quantity of water expended in one second 
from a sluice 1 6 feet below the surface of the water, its length 
6 feet, open 8 inches. 

(2) If a sluice be 10 feet below the surface of the water, 
its length 4 feet, open 7 inches, what will be the quantity of 
•water expended in one second ? 

Note. Where the area of the opening is great, compared with the 
head, work by Problem iii. 
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PROBLEM II. 

To find the velocity of a stream of water. 

Rule. The square root of the velocity per second at the 
middle of the stream, on the surface, diminished by unity or 
1, will give the square root of the velocity of the stream at 
the bottom. Tiie two velocities added together, and divided 
by 2, will give the mean velocity. 

(3) If the velocity of the water at the surface, in the middle 
of a river, be 25 inches per second, required the velocity at 
the bottom and the mean velocity* 

(4) If the velocity of a stream be 36 inches per second on 
the surfiice in the middle, what will be the velocity at XhB 
bottom and the mean velocity ? 

PROBLEM III. 

To find the quantity of water discharged through slits or 
notches cut in the side of a vessel, or reservoir open at the 
tlop, or over weirs. 

Rule. Two-thirds of the Product of the square root of the 
depth and 5'4, multiplied by the area of the stream running 
through the slit or notch, or over the weir, will give the 
quantity of cubic feet flowing per second. 

(5) If the breadth of the notch be () inches, the depth of 
water 5 inches, required the quantity run out in 46 seconds. 

(6) A weir is 20 yards broad, the water flowing over 9 
inches de^. Required the quantity run over in one minute. 

PROBLEM IV. 

To find the quantity running through pipes, goits or canals. 

Rule. Divide the Product of 57, and the height of the 
'head of water in inches above the orifice by the length of the 
"pipe, added to 57 ; extract the square root of the Quotient, 
which root, multiplied by 23^ and the area of the orifice de- 
.livering the water ininches, will give the cubical inches dis- 
.charged in one second. 

(7) A pipe 2^ inches diameter, one foot long, is placed 54 
.indies below the surfiioe of water in a reservoir. Required 
nthe number of cubical inches of water flowing per second. 

(8) A paddle is placed 5 fieet below the surface of water 
in a reservoir, the length 9 inches, open (> inches ; the water 
runs through a goit 6 yards long. Required .the quaatity «f 
water flowing per second. 



PBACTIOAL ARITHMETIC. IM 

WATER-WHEELS. 

Undershot. — The quantity of water flowing per minutCj^ 
reduced to lbs, and multiplied by the velocity^ will give the 
power to produce the mechanical effect. 

Power. Effect. 

Rule I. 3 lj 1. 

Power to produce ^^ ^mechanical effect upon the wheeL 

Rule 2. Velocity in 5 theory . . 2 velocity in effect 

Velocity of the water to be I )^^ J •effective velocity of 
ascertained j ( the wheel. 

Overshot. — The descent of water, including the distance 
from the sluice to where the water falls upon the wheel and 
the diameter of the whcel^ multiplied by the weight of watec 
expended in one second, will give the power to produce. 



Rule. Power in theory 3 yj 2 power in effect. 

Power to produce ^^ *power of the wheeL 



PROBLEM I. 

To find what power a stream of water is equal to. 

Rule. Find the number of cubic feet flowing per minute, 
which reduce to Ids. avoirdupois and multiply by the fkll ; 
this Product, divided by 44000 for the lbs, weight for one 
horse power, will give the theoretical horses power, which 
redtice to effective power by last Problem. 

( 1 ) A stream of water is 1 2 inches deep, 22 inches broad, 
Telocity 70 feet in llf seconds, fall (>0 feet What is the 
power of the stream ? 

{-Z) Required the power of a stream of water 9 inches deep, 
S{j inches broad, velocity 6 feet per second, fall 24 feet. 

(3) What is the power of a stream of water (5 inches deep> 
42 inches broad, velocity 84 feet in 14 seconds, fall 18 feet? 

PROBLEM II. 

To find the dimensions of a wheel applicable to a given 
stream. 

Rule. Let the diameter of the wheel be two feet less than 
the given fall. The number of cubic feet of water flowing 
per minute, divided by the velocity of the wheel, will give 
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the sectiorial area of the buckets ; which Quotient double for 
the whole area, as the buckets ought to be only half full. 

The effective area, divided by the breadth of the wheel, 
will give the depth of shrouding. 

The velocity of the wheel per minute, divided by the cir- 
cumference, will give the number of revolutions of the wheel 
per minute. 

(4) If a stream be 12 inches deep, 22 broad, the fall 60 feet, 
and the velocity 70 feet in llf seconds, what dimensions of 
a wheel 4 feet broad to move 6 feet in one second are appli- 
cable? 

PROBLEM III. 

To find what power a wheel of given dimensions is equal to. 

Rule. The area of the buckets, multiplied by the velocity 
of the wheel per minute, will give the number of cubic feet 
of water when the buckets are full, of which take one-half; 
and this Quotient, multiplied by 16, the space in one second, 
and the number of lbs. m one cubic foot of water, will give 
the theoretical power, which reduce to effective power, and 
divide by 44000 for the number of horse power the wheel 
will be equal to. 

(5) What is the power of a water-wheel 16 feet diameter, 
12 feet wide, shrouding 15 inches deep, velocity 4 feet per 
minute ? 

(6) Required the power of a water-wheel of 20 feet diam* 
eter, 8 feet wide, sm'ouding i6 inches deep, velocity 5 feet 
per second. 



SPECIFIC GRAVITY. 



The specific gravity of a body is its relative weight as com« 
pared with some other body of the same magnitude, con- 
sidered as a standard. 
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A Table of the Specific Gravity of Bodies^ 



Fine gold 19^40 

Standard gold 18888 

Quicksilver 14000 

Lead 11325 

Fine silver liogi 

Standard silver 10535 

Copper 9^)00 

Gun metal 8784 

Cast brass 8000 

Steel 7850 

Iron ...» 7645 

Cast iron » 7435 

Tin 7320 

Marble 2700 

Common stone 2520 

Loam •»• 2160 



Brick 

Light earth 

Solid gunpowder 

Gunpowder shaken... 

Sand 

Pitch 

Dry box-wood 

Sea water •.••...«• 

Common water ........ 

Dry oak 

Dry ash , 

Dry maple 

Dry elm 

Dry fir 

Cork 

Air 



2000 

1984 

1745 

922 

1520 

1150 

1030 

1030 

1000 

925 

800 

755 

600 

550 

240 



PROBLEM I. 



To find the magnitude of a body from its weight being 
given. 

Cause. Effect. 

Rule. Tabular specific gravity weight in avoirdupois 

^^ ounces. 

One cubic foot its content. 

(1) Required the content of a piece of dommon stone^ 
weighing 1 cwt. or 112 lbs. 

(2) How many cubic inches of gunpowder are there in 
one pound weight? 

(3) How many cubic feet in a ton weight of dry oak ? 

problem II. 

To find the weight of a body from its magnitude being 
given. 

Rule. As one cubic foot lJ content of the body. 
Tabular specific gravity ri weight of body. 

(4)' Required the weight of a block of marble, whose length 
is 03 feet, and its breadth and thickness each 12 feet 
(5) What is the weight of a pint of gunpowder? 



(6) Required the weight of a cast iron beam, 12 feet long, 
8 inches deep and 4 broiid* 

(7) What is the weight of a block of dry oak, which meae 
sures 10 feet long, S broad and 2^ deep? 

PROBLEM III. 

To find the specific gravity of a body. 
Case 1. When the body is heavier than water. 
Rule. Weigh it both in and out of water, and take the 
difference, which will be the weight lost in water; then say^ 

As the weight lost in water lJ whole weight. 

Specific gravity of water r^ specific gravity of body. 

(8) A piece of stone weighed in air 10 lbs, but in water 
only 6f . Required its specific gravity. 

Case 2.. When the body is lighter than water. 

Rule. Annex it to another body heavier than water^ so 
that the two may sink together. Weigh each body sepa- 
rately, both in and out of water ; find how much each loses 
in water, by subtracting its weight in water from its weight 
in air, and take the difference of the Remainders. 

Then, aa difference lJ weight of light body in air. 
Spedfic gravity of water r^ specific gravity of body, 

(9) A piece of elm weighing 1 5 Ihs. in air, and a piece of 
copper weighing 18 lbs. in air; the copper in water weighs 
16 Ws, ; both toajether, in water, only ti Ibs^ What, is the 
specific gravity of elm ? 

PROBLBBLIT. 

To find the quantities of two ingredients in a given com- 
pound. 

Rule. Take the difference of the specific gravities of the 
compound and each ingredient, and multiply the differj^^ce 
of every two by the third. 

Then, as greater Product yJ whole weight of compound. 
Each Product rN to each ingredient 

(10) A composition of 112 lbs, being made of tin apd 
copper, whose specific gravity is found to be 8784 ; required 
the quantity of each ingredient, the specific gravity of tin 
being 7320, and of copper 9000. 
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CENTRE OF GRAVITY. 

The centre of gravity of a body is that point which, if sus- 
tained, the body remains at rest; the particles of which it is 
composed being equipoised. 

PROBLEM L 

For bars, levers, &c. 

Rule. Find the centre between two bodies, then the centre 
between that centre and a third body, and so on ; the last 
centre found being the common centre of all the bodies. 

(1) A bar of wood 24 feet long has a weight suspended at 
each end, one l6 lbs, the other ^ lbs. Required the centre of 
gravity. 

(2) Given the length of an inflexible lever; suppose void 
of weighty 36 inches long ; from one end a weight of 40 lbs. 
is hung; and at the distance of 6, 12, 20 and SO inches from 
the same end there is hung 1 6, 9, 10 and 8 lbs. ; and at the other 
end is hung a weight of 20 lbs. Required irom what part of 
the lever a fulcrum must be placed, so that it may be equally 
balanced. 

(3) If a beam be 10 feet long, each foot weighing 8 lbs. 
and a weight of 90 lbs. be suspended from one end, at what 
point of the beam will the centre of gravity be ? 

(4) If a beam be 12 feet long, with a weight of 100 lbs, 
fixed at one end, and the beam be in equilibrio, being sus- 
pended 2 feet from the end next the weight, required the 
weight of the beam. 

PROBLEM. II. 

For a triangle. 

Rule Two-thirds of the length of aline, drawn from any 
angle to the middle of the opposite side, will be the centre 
of gravity. 

(5) A line drawn from the centre of the base of a triangle 
is 1 8 . Required the centre of gravity from the vertical angle. 

(6) A line drawn from the centre of the hypotenuse <^ 
an acute angle to the opposite angle is 24. Required the 
centre of gravity from the acute angle. 

PROBLEM III. 

For a cone or pyramid. 
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Rule. Take three-fourths of the distance of the axis from 
the vertex. 

(7) The height of a cone is 48. Required the centre of 
gravity. 

(8) A cone is S6 inches high. In what part is the centre 
of gravitv? 

(9) The height of a pyramid is 40* In what part is the 
centre of gravity ? 

PROBLEM IV. 

For the arc of a circle. 

Rule. The Product of the radius of the circle and the 
chord of the arc^ divided by the length of the arc^ will give 
the distance of the centre of gravity from the centre of the 
circle. 

(10) The radius of the circle is 200, the chord of the arc 
158*07, and tlie length of the arc 157'07* Required the dis- 
tance of the centre of gravity from the centre of the circle. 

(11) The radius of a circle is 48, the chord of the arc 37*5^ 
and the length of the arc 88*75. Where is the centre of 
gravity from the centre of the circle ? 

PROBLEM V. 

For the sector of a circle. 

Rule. Two-thirds of the Product of the chord of the arc 
and the radius of the circle divided by the length of the ara 

(12) The radius of a circle is 20, the chord of the arc 15-3, 
the length of the arc 15'7* Required the distance of the 
centre of gravity from the centre of the circle. 

(13) The radius of a circle is 64, the chord of the arc 49, 
the length of the arc 51*8. Required the distance of the 
centre of gravity. 

PROBLEM vi. 

For a parabolic space. 

Rule. Take three-fifths of the axis fVom the vertex. 

(14) If a parabolic space be 20 inches long, required the 
centre of gravity. 

(15) If a parabolic space be 36 inches, what is the centre 

of gravity ? 

PROBLEM VII. 

For a paraboloid. 
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Rule. Take two-thirds of the axis from the vertex. 

(16) If the axis of a paraboloid be 24^ required the centre 
of gravity. 

(17) What will be the centre of gravity of a paraboloid^ if 
the axis be 36? 



CENTRE OF PERCUSSION. 

The centres of percussion and oscillation are in the same 
pointy therefore ueir properties are the same. 

PROBLEM I. 

Rule. To the weight of the body add three times the 
weight of the ball ; uien divide this sum by the weight of 
the body added to twice the weight of the ball ; the Quotient, 
multiplied by two-thirds of the length of the rod^ will give 
the centre of percussion from the point of suspension. 

Note. The length of the rod is taken from the extreme end to 
the centre of the ball. 

(1) A rod 16 feet lon^^ each foot in length weighing 80 
oz. to which is suspendeda ball weighing 600 oz. Required 
the centre of percussion from the point of suspension. 

PROBLEM II. 

In a right line^ or very thin cylinder. 

Rule. Take two-thirds of the length from the point of 
suspension. 

(2) Required the length of a rod, of uniform density, with- 
out a weight, to vibrate seconds when suspended at one end. 

(3) A rod is 48 inches long. Required the centre of per- 
cussion from the axis of motion. 

PROBLEM IIL 

In an isosceles triangle and wheels generally. 

Rule. Take three-fourths of the height from the angle of 
suspension. 

(4) Required the centre of percussion in an isosceles trian- 
gle, oscillating flat-wise, l6 feet from the base to the angle of 
suspension. 
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CENTRE OF GYRATION. 

PROBLEM I. 

Rule 1. Multiply each particle by the square of its velo- 
city, or the square of its distance from the centre of motion, 
and divide the sum of the Products by three times the sum 
of the whole weight ; the square root of the Quotient will be 
the distance of the centre of gyration from the centre of 
motion. 

(1) A bar, of uniform density, 12 feet long, and each foot 
weighing 7 ihs. and revolving upon a centre 3 feet from one 
end, at what distance will the centre of gyration be from the 
centre of motion ? 

(2) Suppose the same bar to have a weight of 50 lbs at 
each end ; then at what distance will the centre of gyration be 
from that of motion ? 

Rule 2. The centre of oscillation and the centre of gravity 
fi*om the point of suspension being given, the centre of gyra- 
tion will be a mean proportional between those numbers. 

{H) If the centre of oscillation be 9> and the centre of 
gravity 4 from the point of suspension, where will the centre 
of gyration be? 

problem II. 

For a straight line or cylinder, the axis of motion being in 
one end. 

Rule. The length in inches, multiplied by '5775, will give 
the distance of the centre of gyration from Uiat of motion. 

(4) A rod 54 inches long is moved from one end. Required 
the centre of gyration from that of motion. 

(5) What is the centre of gyration from that of motion in 
a rod 45*375 inches long? 

PROBLEM III. 

For a cylinder, or plane of a circle revolving about the axis. 
Rule. The radius, multiplied by '707 1. 

(6) The diameter of a wheel, of uniform thickness, is 28 
inches. What is the centre of gyration from the axis ? 

(7) Required the centre of gyration in a wheel of 84 inches 
diameter. 



PRACTICAL ARITHMETIC. 173 

PROBLEM IV. 

For the plane of a circle about its diameter* 
Rule. Take one-half of the radius. 

PROBLEM V. 

For the surface of a sphere about its diame^* 
Rule. Multiply the radius by '816*5. 

PROBLEM ''*• 

For a solid sphere abo«* Its diameter. 
Rule. Mw^^^p'y the radius by '6324. 

(8) Required the distance of gyration in a globe revolving 
about its diameter^ which is 4 feet. 

PROBLEM VIL 

For the circumference of a circle, upon a perpendicular 
axis passing through its centre, equal the radius. 



ROTATORY MOTION. 



PROBLEM I. 



To find the distance of the centre of gyration from the 
axis of motion. 

Rule. The Product of the distance of the force applied 
from the axis, the force applied, the time it is applied and 
32 • divided by the Product of the weight of the wheel and 
velocity per second, will give the centi-e of gyration. 

(1) A force equal to 2 cwL is applied to a fly wheel for 10 
seconds, 7 feet from the centre of motion ; the wheel moves 
at the rate of 8 feet per second, the weigiit of the wheel 50 
cwU Required the disunce of the centre of gyration from 
that of motion. 

problem II. 

To find the force actuig upon a wheeL 

Rule. The Product of the weight of the wheel, the dis- 



* See Gnvitation ; the fraction is left out. 
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tance of the centre of gyration from the axis of motion^ and 

the velocity per second^ divided by the Product of the time 

the force acts^ the distance the force is applied from the axis 

^f motion and 32, will give the force acting upon the 
wht^l, 

(2) A *r||eel 1 4 feet diameter^ weighing 2tons^ moves at 
the rate of lo feet per second; the centre of gyration is 6 
feet from that of x^tation. ^Tiat force must be applied^ 3 
feet from the centre^ lo. g seconds to produce that velocity ? 

PROBLnif III. 

To find the distance the force acts nrunx the axis of motion. 

Rule. The Product of the weight of the wheels the dis- 
tance of the centre of eyration from that of motion^ and the 
velocity per second^ divided by the Product of the force acting 
upon the wheels the time the force acts and 32, will give the 
distance the force must be applied from the axis of motion. 

(S) The weight of a fly wheel is 40 ctvt the centre of gy- 
ration 6 feet^ the velocity 10 feet per second ; a force of 3 ctvt, 
is applied for 8 seconds. What distance from the centre of 
the axis must the force be applied to effect that velocity ? 

PROBLEM IV. 

To find the weight of a fly wheel. 

Rule. The Product of the force acting upon the wheels 
the distance the force is applied, the time of applying the 
same and 32, divided by the Product o£ the distance of the 
centre of gyration and the velocity per second, will give the 
weight of the wheel. 

(4) A wheel 14 feet diameter is urged by a force of 224 
lbs. at its rim, acting for 8 seconds, moving at the rate of 10 
feet per second ; the centre of g3rration being 5 feet 6 inches 
from the centre of motion. Required the weight of the 
wheel, 

PROBLEM V. 

To find the time the force acts. 

Rule. The Product of the weight of the wheel, the distance 
of the centre of gyraticm, and the velocity per second, divided 
by the Product of the force acting upon the wheel, the dis- 
tance of the force from the axis of motion and 32, will give 
the time the force acts upon the wheel. 

(5) The weight of a wheel is 2 tons, the centre of gyration 
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6 feet from that of motion, the velocity of the wheel 10 feet 
per second. Required the time a force of 3^ crvt, must be 
applied, 6 feet from the centre, to effect that velocity. 

PROBLEM VI. 

To find the velocity of a wheel. 

Role. The Product of the force applied, the distance of 
the force from the axis of motion, the time the force acts and 
32, divided by the Product of the weight of the wheel and 
the distance of the centre of gyration, will give the velocity 
per second. 

(6) A force of 84 lbs. is applied for 7 seconds at the dis- 
tance of 4 feet from the axis of a wheel weighing 36 cwL the 
distance of the centre of g3rration 5 feet. Required the ve- 
locity. 



CENTRAL FORCES. 



PROBLEM I. 

To find the centrifugal force. 

Rule. The Product of the square of the velocity per second 
and the weight of the revolving body, divided by the Product 
of the radius of revolution and 32, will give the centrifugal 
force. 

(1 ) Required the centrifugal force of the rim of a fly wheel ; 
the diameter 16* feet, the weight being 4 tons, and moving at 
the rate of 24 feet per second. 

(2) The diameter of a wheel is 12 feet, the weight 3^ tons, 
makmg 48 turns per minute. Required the centrifugal force. 

PROBLEM II. 

To find the radius of the circle of revolution. 

Rule. The Product of the square of the velocity per second 
and the weight of the body, divided by the Product of the 
centrifugal rorce and 32, will give the radius of revolution. 

(3) What is the radius of a wheel weighing 4 tons, moving 
at the rate of 24 feet in 1 second of time, the centrifugal force 
being 9 tons ? 

(4) The centrifugal force of a fly wheel is l6'58 tons, the 
weight S\ tons, velocity 30-16 feet per second. Required the 
radius of revolution. 
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PHOBLEM III. 

To find the weight of the revolving body. 

Rule. The Product of the centrifugal force, the radius of 
the circle and t^2, divided by the square of the velocity per 
second of the revolving body, will give the weight. 

(5) lite diameter of a fly wheel is 1 6 feet, moving 24 feet 
in one second, the centrifugal force p tons. Required the 
weight of the wheel. 

(6) What is the weight of a fiy wheel, diameter 12 feet, 
moving 30*16 feet per second, the centrifugal force 16*6 tons ? 

PROBLEM IT. 

To find the velocity of the revolving body. 

Rule. The Product of the radius of the circle, the centri* 
fugal force and Sit, divided by the weight of the body, will 
give the square of the velocity per second. 

(7) The diameter of a fiy wheel is 1 6 feet, the centrifiigal 
force 9 tons, the weight of the wheel 4 tons. Required the 
velocity per second. 

(8) what will be the velocity of a fiy wheel of 12 feet di« 
ameter, centrifugal force 16*6, weight 3^ tons? 



ON PUMPS. 



PROBLEM L 



To ascertain the weight of water contained in a pipe of a 
given length. 

Rule. Square the diameter in inches ; the Product will be 
the number of lbs. of water contained in every three feet of 
pipe. 

Then, if 3 feet l j lbs. 



it 3 teet LJ *o#. 
of pipe r< *lbs. of 



Length of pipe r ^ *lbs. of water in the whole pipe. 

Note. The weight of the water, divided by 10, will give the 
number of gallons. 

(1) Required the weight of water in a pipe 4^ inches di- 
ameter, 6 feet long. 

(2) What is the weight of water in a pipe of 3 inches bore 
and 8 feet long ? 
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(3) What wei^t of water will be contained in a pipe 5 
inches diameter^ 2&i feet perpendicular height? 

(4) What number of gallons of water will be contained in 
a pipe 4^ inches diameter^ 180 feet long? 

(6) What quantity of water will be contained in a pipe 5 
inches diameter, 2 1 feet long ? 

PROBLEM II. 

To find the power to raise water to a given height. 

Rule. The Product of the height to he raised^ and the 
quantity to flow per minute^ reduced to Ihi, and added to ^ 
of itself to resist friction, divided by 44000, will give the 
horse power. 

(6) Required the power to raise 1 75 gallons of water per 
minute, through a pipe of 5 inches diameter, -iSi feet high. 

(7) What power will be necessary to raise 630 gallons of 
water per minute 320 feet high ? 

PIIOBLEM III. 

To find the diameter of a pump to deliver a given quantity 
of water. 

Rule. Find the number of cubical feet required to flow 
per minute, which divide by the number and length of strokes 
the pump rod makes per minute; the Quotient, reduced to 
inches, will give the area of the pumpj, from, whigh find the 
diameter. 

( 1 ) A cistern, placed at an elevation of 60 feet, is ^ feet 
square, 10 feet deep. What will be the diameter of a pump 
to make 40 strokes, of 2 feet each p^r minute, to fill the cis^ 
tern in 30 minutes ? 

(2) What will be the diameter of a jpump, making 32 
strokes^ of 3 feet each per minute, to nil a cistern in 45 
minutes; the cistern to b^ 'sth feet scjuar^^ 15 feet deep? 

problem iv« 

To find the quantity of w«ter delivered in any given tjmfi. 

Rule. The diameter of the pump> th^ length ^nd numhev 
of strokes given ; square the pump's diameter in inphes, and 
multiply by the len^^th of th^ stroke in ^t^ which divide by 
30; tne Quotient will be t^9 number of gaUons^ d^ver^n 

(3) The diameter of a pump is 19 inches, the length qf 
stroke 4 feet, Requircid the numbw of gidlcms deliy^ed 
each stroke* 

Id 
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(4) If the diameter of a pomp be 9 mches, tlie length of 
the stroke 3 feet, 24 per minute, required the number of gal- 
loiiii per minute ? 

(5J How many gallons per minute will a pump deliver, 
the aiameter 8 indies, the length of the stroke 4^ feet, 27 per 
minute? 



ON STEAM ENGINES. 

The pressure of steam, arising from water at the boiling 
point, is considered to be 15 lbs. on the square inch. 

One cubic inch of water ¥rill expand into one cubic foot of 
steam when its elasticity is equal to 30 inches of mercury. 

PROBLEM I. 

To find the quantity of water necessary to be converted 
into steam, that a given quantity of water may be raised to 
any given temperature. 

Rule. Take the difference between the temperature to be 
raised and the cold water temperature, which multiply by 
the given quantity of water for a Dividend ; to the given 
temperature add 900^, and from that sum take the required 
temperature; this Remainder wiU be the Divisor, and the 
Quotient will be the required quantity of water to be con- 
verted into steam. 

(1) What quantity of water, converted into steam at 212®, 
will raise 1 00 gallons of water at 60° up to SOS** ? 

Horse Power. 

The weight a horse will be able to raise one foot high in 
one minute by 

Bolton and Watt is 32000 ] 

Desaugliers is 27000 \lbs. avoirdupois. 

Smeaton is 22916 j 

Where the effect produced is by a rotatory motion, the power 
is very considerably increased, and is calculated by the power 
of a horse to draw a weight of 200 lbs. over a pulley, at the 
rate of 2^ miles per hour, or 220 feet per minute, with a con- 
tinuance ; and 200 X 220 = 44000 lbs. one foot per minute. 
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Length of the Stroke, 

The engine stroke is one revolution of the crank shaft and 
double the length of the cylinder. A stroke is called 4 feet 
when the cylinder is 4 feet long besides an allowance for the 
piston. 

The effective force of the piston is generally calculated at 
10 lbs. per square inch of its surface. 

PROBLEM IL 

To calculate the power of an engine. 

Rule. TheProductof the area of the cylinder^ the effective 
power and the number of feet the piston travels per minute, 
divided by a horse power, will give the power the engine is 
equal to. 

(2) Required the power of an engine, the cylinder being 
42 inches diameter, the power 10 los, per square inch, the 
movement 210 feet per mmute. 

(3) The diameter of a cylinder is 36 inches^ the power 10 
lbs. per square inch, movement 200 feet. Required the power 
of the engine. 

(4) The movement is 220 feet, the power 10 lbs, per square 
ind), diameter o£ cylinder 54 indies. Required the power. 

problem III. 

To find the area of a cylinder requisite for any number of 
horse power. 

Rule. The Product of 44000 and the number of horse 
power, divided by the effective pressure and rate per minute, 
will give the area of the cylinder. 

(5) Required the area of a cylinder for a 60 horse power 
engine, the pressure 10 lbs. per square inch and the move- 
ment 228 feet 

(6) Required the diameter of a cylinder for a 50 horse en- 
gine, the effective pressure 12 lbs. the movement 220 feet. 

(7) Required the diameter of a cylinder for a 20 horse en- 
gine, the pressure 10 Ufs. the movement 240 feet. 

PROBLEM IV. 

To find the velocity of the piston when the engine works 
at its maximum. 

Rule. The square root of the length of the single stroke, 
multiplied by 120, will give the velocity per minute; which 
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divided by the double stroke, will give the number of strokes 
the engine ouglit to make per minute. 

(K) Admit the length of the single stroke to be 3 feet* re- 
quired the velocity. 

(9) It' the length of the single stroke be 4 feet, what is the 
Telocity ? 

(10) If the single stroke be 6 feet, what is the velocity? 

PROBLEM V. 

I'o find the power to move a weight at any velocity. 

Rule. The Product of the weight in lbs. and the velocity 
in feet, divided by 44000, will give the number of horses' 
power required. 

(11) What will be the power requisite to move a force 
equal to 1 5 tons, 2 ! feet per minute ? 

(12) Required the power necessary to move a force equal 
to i 2 tons, 240 feet per minute. 

PROBLEM VI. 

To find the area of the pump necessary for condensing 
water, taking 7^ gallons per minute as a standard for each 
horse power. 

Rule. The Product of the number of horse power, 7^ gal- 
lons and the cubic inches in a gallon, divided by the number 
of strokes per minute and the length of the pump stroke, 
will give the area of the pump. 

(13) Required the diameter of a pump for a 24 horse en- 
gine, making 28 strokes per minute, the pump stroke 15 
mches. 

PROBLEM VII. 

To find the weight of a fly wheel requisite for an engine. 

Rule. The number of horses' power of tlie engine, multi- 
plied by 2000 and divided by the square of the velocity of 
the circumference of thef wheel per second, will give the 
weight of the wheel in cwi», 

(14) The fly wheel of an engine of 30 horses' power makes 
24 revolutions per minute, its diameter 21 feet. Required 
the proper weight of the wheel. 

(15) An engine of 50 horses' power has a fly wheel making 
22 revolutions per minute, its diameter 24 ieet. Required 
the proper weight of the wheel. 
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PROBLEM VIII. 

To find the revolutions the governor or double pendulum 
ought to make. 

The balls will revolve in the same plane if their revolutions 
be equal ; the distance of that plane from the point of sus- 
pension will equal the length of a pendulum whose vibrations 
will be double the revolutions of Uie balls. 

Rule. The square root of SQ'iSgS, multiplied by the 
number of seconds in one minute and divided by the square 
root of the distance from the point of suspension to the plane 
of revolution^ will give the number of vibrations ; which di- 
vided by ^, will give the number of revolutions the balls 
ought to make per minute. 

(16) What number of revolutions per minute ought the 
governor balls to make, if the distance from the point of sus- 
pension to the plane of revolution be 36 inches ? 

PROBLEM IX. 

To find the superficial surface of water necessary in the 
boiler to supply an engine with steam. 

Rule. Square the diameter of the cylinder in inches, and 
multiply the Product by *13 ; this will give the surface re- 
quired. 

(17) If the diameter of a cylinder be 36 inches, what will 
be the number of square feet required on the surface of water 
in the boiler? 

problem X. 

To find the diameter of the air pump. 

Rule. The diameter of the main cylinder, multiplied by 
'7071, will give the diameter of the air pump. 

(18) If a cylinder be 24 inches diameter, what will be the 
diameter of the air pump ? 

(19) Required the diameter of the air pump to an engine, 
the cylinder being 36 inches diameter. 

PROBLEM XI. 

To find the proportions of an engine. 

Rule. Take the length of the stroke as 1 ; the length of 



182 A SYSTEM OP PRACTICAL ARITHMETIC. 

• 

the crank ^ ; of the beam, from centre to centre of the gland 
4 ; of the connecting rod 3 ; the radius and parallel bars one- 
half of the distance between the fulcrum of the beam and tl^ 
gland ; the straps 2 inches less from centre to centre than 
half the length of the stroke ; the diameter of the valves fully 
one-fifth of the diameter of the cylinder ; the stroke of thUs 
air pump half the length of the engine stroke, and its area 
equal one-half the area of the cylinder ; or let the cubical 
contents of the air pump equal one fourth of the cubical con- 
tents of the cylinder, and the capacity of the condenser some- 
what exceed that of the air pump. 

(20) If the stroke be 6 feet, required the other proportions 
of the engine. 

PROBLEM XII. 

To find the proportions of a boiler. 

Rule. Take the width as 1 ; the depth 1*1 ; the length 
2*5 ; and allow 25 cubic feet for each horse power. 

(21) If a boiler be 6 feet wide, required its depth and 
leiu^ an<l ^6 power applicable. 

^2) What power is applicable to a boiler 8 feet wide? 

PROBLEM XIII. 

To find the weight on the safety valve. 

Rule. Find the area of the valve in square inches, which 
multiply by 3^ lbs, for the necessary pressure. 

(23) If the safety valve of a boiler be 2^ inches diameter, 
what weight will be sufiicient to retain the steam ? 

(24) Required the necessary pressure upon a steam valv^ 
of 4 inches diameter. 



ANSWERS TO THE QUESTIONS. 



ADDITION. 



(1) 4200840. 

(2) 250815. 
(S) 18576*9. 

(4) 986340. 

(5) 130253. 



(1) 365 days. 

(2) 3238 years. 

(3) 1118 years. 

(4) 1593, A. D 



(6) 254542. 

(7) 1071614. 

(8) 13436260. 

(9) 84566879. 



ij 



(10) 31031394. 



EXERCISES. 

(5) 1752, A. D. 

(6) 2099 years. 

(7) 1919 years. 

(8) 5836 years. 



(9) 209 days. 

(10) £27339. 

(11) 62 miles. 

(12) 1222bundle8. 



(1) 22961652. 

(2) 1215796. 

(3) 84802716. 

(4) 29979967. 

(5) 88981. 



SUBTRACTION. 

(6) 10829. 

(7) II49O891. 

(8) 2672617. 

(9) 146198104. 

(10) 62086991. 



EXERCISES. 



(11) 6510309* 

(12) 11096070a. 

(13) 100917. 

(14) 707041. 

(15) 29050909. 



(1) 90552 persons. 

(2) 516 years. 

(3) 1340, A. D. 

(4) 1302, A. D. 

(5) 475 years. 

(6) £702. 

(7) 924 years. 



(8) 889321. 

(9) 16197; 5iS33; 69. 

(10) A 96; B 139; C19I; 

D13S. 

(11) £64. 

(12) 6994. 
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MULTIPLICATION. 



(I) S50M738S6?t53948. 
(3) i:tU0*67i8Sti9^*SS. 
(8) 5«a()5€0740430932. 
(*) 6132654 197169109. 
(5) 7OO8747653907896. 

(1) 1865.^9390*. 
(«) 2073l786fiS. 

(3) .S543845449. 

(4) 559637361. 

(5) 236544528. 

(6) 218571668. 

(7) 4753*7033. 

(8) 8459.'i7600. 

(9) 8*89514378. 
(10) 2919418520. 

(II) i55a714396. 
(12) 445886497875. 

(!) 118*46555. 

(2) 202023672. 

(3) 5981953>i. 

(4) 5y88l6784. 



(6) 78B4841I!064fi383. 

(7) 8760934567384870. 
(rt) 963702802 4 123357. 
(9) 1051312148086184*. 



(13) 
(14) 

(ir.) 
(iii) 

(17) 
(!«) 

(19) 

(^1) 

(V2) 

23404608. 
64.594512. 

77*9950*. 
57159344. 



607369475505. 
566^1293970. 
34.i693120<)0. 

273914I8OOO. 

77269H40()000. 

I, ■10860996357. 

117609920400. 

5963879065. 

43025382 to. 

11710800315. 

2975019839. 

2207524446*9. 

(9) 692146944. 

(10) 9467^1520. 

(11) 400135120. 

(12) 813084048. 



(1) 96O iarthings. 

(2) 240 pence. 

(3) 56940 strokes per year. 

(4) 32n)00 yurds. 

(5) 302* yards. 

(6) 75*1520 revolutions. 

(7) 18468 bricks. 

(8) 30240 inches. 

(9) 217008 spindles. 



(10) 316800 feet 

(11) 2,'J9400 yards. 

(12) 63360 inches. 

(13) 8836160 bricks. 
(1*) 50l6 stretches. 

(15) 66653280 inches. 

(16) 37600000 i6*. 

(17) l**teet. 



(1) 818884724 + S. (4) 696706906+5. I (7) 108675(K98+S. 

(2) 1219237086+3.; (5) 4347037193. [ (8) 966008S65+I. 
(3J 16256494*9. I (6) 1738814877+1.1 



PRACTICAL ARITHMETIC. 
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(1) 353SSH + 5. 

(2) 135212 + 10. 

(3) 21106 + 30. 

(4) 1 8492 + 39. 

(5) 13140 + 54. 

(6) 8723 + 37. 

(7) 1121t)5 + 66. 

(1) 2772128 + 2. 

(2) 2545255 + 2. 

(3) 726216 + 6. 

(4) 292296 + 9. 

(5) 545527 + 22. 

(6) 697454 + 12. 

(7) 1419485 + 23. 

(8) 8068 19 + 60. 



(1) 6^lb*. 

(2) 840 yards. 

(3) 560 stretches. 

(4) 24000 threads. 

(5) 375. 

(6) 39 yards. 

(7) 320 hanks. 



(8) 42731 + 69. 

(9) 12900 + 57. 

(10) 30449 + 18. 

(11) 49251 +94. 

(12) 34491 + 48. 
(IS) 7158 + IS. 

6S3636 + 16. 
721 908 + 84. 
536484 + 103. 
125034+ 178. 
70200 + 38. 
3404 + 1599. 
4226 + 7646. 
4900 + 2360. 



(9) 
(10) 

01) 
(12) 

(13) 
(14) 

(1*) 
(16) 



EXERCISES. 



(8) 296 hanks in 1 lb. 

(9) 3072 ounces. 

(10) 2520 ends. 

(11) 720 hanks. 

(12) 623 miles. 

(13) 38000000 deaths. 



SUPPLEMENT TO MULTIPLICATION. 



(1) 22694. 

(2) 18312. 

(3) 35568. 

(4) 6838. 



(1) 19l42f. 

(2) 11361 + 11 

(3) 12656 + 8. 



(5) 4550. 

(6) 3282 f. 

(7) 67201. 

(8) 110937f. 



(9) 60976. 

(10) 367864. 

(11) 4231|. 

(12) 41 675185. 



SUPPLEMENT TO DIVISION. 



(4) 12956 + 37. 

(5) 4050 + 18. 

(6) 3955. 



(7) 3309 + 45. 
(3) 1609 + 987. 
(9) 29394 + 12. 



CONTRACTIONS IN MULTIPLICATION. 



(1) 243765. 

(2) 2939700. 

(3) 43692500. 

(4) 1034205. 



(5) 5176350. 

(6) 112557000. 

(7) 2243350. 

(8) 6963500. 



(9) 506925. 

(10) 5961000. 

(11) 21132500. 

(12) 92587500. 
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(1) 62218. 

(2) 148818. 

(3) 109984. 

(1) 871794. 

(2) 9972336. 

(3) 212232. 

(4) 39468. 

(1) 2289523904. 

(2) 4290473202. 

(3) 97585344. 



A SYSTEM OF 

(4) 571584. 

(5) 275311. 

(6) 501030. 

(5) 7059045. 

(6) 471537. 

(7) 8385606. 

(8) 3422352. 

(4) 412753439. 

(5) 432144540. 

(6) 254795086. 



(7) 3738504. 

(8) 971461. 

(9) 715288. 

(9) 74882511. 

(10) 3528690. 

(11) 897291027. 

(12) 2157174. 

(7) 2736389496. 

(8) 1854897975. 

(9) 3563775780. 



CONTRACTIONS IN DIVISION. 



(1) 94605. 

(2) 597O8 + 12. 

(3) 1949+ 14. 

(4) 1839 + 22. 

(5) 1316 + 65. 

(6) 878 + 37. 



(7) 637 + 18. 

(8) 70 + 250. 

(9) 3137 + 146. 

(10) 625 + 222. 

(11) 5357+ 138. 

(12) 11040 + 27. 



(1)474060+536. I (2)48581+1838. | (3)834585+20531, 



REDUCTION. 



(1) 3617280 farthings. 

(2) 97460 threepences. 

(3) 219440 sixpences. 



(4) 11989^ farthings. 

(5) 866 farthings. 

(6) 983791 farthings. 



The next six are reversed. 



RULE 2. 



(1) £5006..8. 

(2) 39979guineas,l shilling. 

(3) 13761 guineas, I9 shill. 

(4) 4 1 97 of each, 1 1 remain- 

der. 

(5) 173lbs.1 oz.ddr.lSgrs. 

(6) 2793599 grains. 

(7) 1 /6. 2 oz. 1 1 dwts, iGgrs. 

(8) 5760 grains. 

(9) 19^ lbs. 

(10) 5303 grains. 

(11) 92232 grains. 



(12) 
(13) 

(14) 
(15) 
(16) 

(i7) 
(18) 

(19) 
(20) 
(21) 



284 lbs. 11 oz. 14 dwis. 
826 lbs. 3 oz. 19 dwts. 

17 grs. 
17905 oz. 15 dwts. 3 grs. 
394882 Z6«. lOoz. 
2143 lbs. 4i oz. 3 dwts, 6 
• grs, 

573440 drams. 
14239646 drams. 
918287 drams. 
73280 ounces. 
6412 drams. 



PRACTICAL ARITHMETIC. 



187 



(22) 430092 ounces. 

(23) 1386 /. 7 cwt* 1 qr^ 5 lbs. 

\Soz. 

(24) l69cfi>/. 2gr*. 21 lbs. 7oz, 

(25) 19972 9r*. 7/6*. 

(26) 2530 lbs. 13 oz. 7 drs. 

(27) 14 ^ 19 cw^. 2 qrs. 27 ^*. 

1 1 oz. 15 drs. 

(28) 5760 grains. 

(29) 2522898 grains. 

(30) 79704 scruples. 

(31) 151 lbs. 3 oz. 2 drs. I scr. 

(32) 14 lbs. 8 02. 7 drs. 1 *cr. 

16 grj. 
iSS) 9945 Z6j. 2 02. 
(S4.) 3Q80 nails. 

(35) 745362 inches. 

(36) 214 half nails. 

(37) 5422 yards. 

(38) 15221 y*. 12tft. 
{39) 93232 ifds. 2 qrs. 

(40) 35007 ells, 1 gr. 

(41) 2469 ells. 

(42) 302 10 inches. 

(43) 836784 inches. 

(44) 24 hks. 4 le. 37 th. SO in. 

(45) 9815AXrj. 4/e. 65^A. 

(46) 307132 leas. 

(47) 922670 kks. 4 le. 

(48) 2Snkks.Sle.2ith.5lin. 

(49) 2 J 60000 inches. 
(60) 90000 yards. 

(51) 115218 threads. 

(52) 362400 yards. 

(53) 2i6bu. 7 si. 5le. 

(54) 632 si. ^le.66th. 

{55) S6S39bu. 14^ si. Ole. 74 
th. 34^ in. 

(56) 99 bu. 2 si. 6 le. 26 th. 

(57) 360 hanks. 

(58) 140 yards long. 

(59) 115 yards long. 

(60) 320 hanks. 

(61) 120 yards. 



62) 20160 inches. 

63) 866880 inches. 

64) 554634 inches. 

65) 6\2hks. 2 le. 55 th. 18 in. 

66) 827 le. 5 th. 74 in. 

67) 3840438 leas. 

68) 67670 hks. 2 le. 

69) 321 hks. 5le. 5\ th. 

70) 570240 barley-corns. 

71) 2827467 barley-corns. 

72) 2995 w. 7 fur. l66ifds. 
5 in. 2 b. c. 

73) i6M)05 leag. 9B6 i^ds. 

74) 614 m. 5 fur. ISl ifds. 

9 in. 

75) 58400 perches. 

76) 23 1 84 perches. 

77) 1346488 yards. 

78) 1369673 r. 23 p. 

79) 27434 a. 2 r. 26 p. 

80) 4742r. 21p. 3jy*. 

81) 1296 inches. 

82) 373236 inches. 

83) 33738 inches. 

84) 24l4/^78tn. 

85) 9525 ifds. 3 ft. 126 in. 
36) 46656 inches. 

87) 938 .lyd*. \ft. 391 in. 

88) 9072 pinU. 

89) 6368 quarts. 

90) 435456 pints. 

91) 16128 quarte 

92) 26 bar. 6 gal. 

93) 12312 quarts. 

94) 6046 quarters. 

95) 12735 pints. 

S6) 951 qrs, 6 bu. 3 pks. I gal 
2 qts. 

97) 31556929 seconds. 

98) 184 days. 
m 91 days. 

100) 91 days. 

101) 144 t. 12 cn>t. 3 qrs. 

12 lbs. 
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COMPOUND ADDITION. 



(I) £265.A2^9' I (2) £280..18..8J. | (3) £7S3^ll..2^. 



(1) £l8858..8..2. 

(2) iB 10079. 4..5|- 

(3) £9985.. 1 3..9. 

(4) 1 48 Mj. 8 oz. 3 dfvU, 9grs. 

(5) 6.5b*/. Icwt. Iqr. Ulbs. 

Soz. I3drs» 

(6) 325 lbs. Soz. 6 drs. 9cr. 

3 grs. 

(7) 920 ^r/j 1 qr. 1 n. 

(8) 3502 hkt. 6le.7 ik. 24, in. 

(9) 547 5 bu. 17 sL Ole. 114 /A. 

86 tn. 



(10) 
(11) 

(12) 

(13) 

(14) 
(15) 



15'20Aib.5/e.66/A.4tii. 
995 iea. 1 m. 2 fur. lip. 

3 yds. 2jl. 9t». 1 6 c. 
1106 fl. 3r. 29 p. 23i 

^rfff. 0^. 37 in. 
1699 /• 1 bhd. 17 go/. 

3 9/#. 
280 ^r^. 6ti. 2 pks. 
9257 ^r#. 2 m. 2 ivA;«. 1 d. 

3 hrs. 53 m. 7 sec. 



BXERCISES. 



(1) £532..18..10i. 

(2) 4188 years. 

(3) £94I..14..9i. 

(4) igcwt. 3qrs. IS lbs. 

(5) i:;8749..2..7. 

(6) 885 yards. 



(7) 264 1 2| cwU 

(8) 601730 men* 

(9) 16.56 years. 
(10) 3323 years. 
(11)6 y ears^ 6 months. 



COMPOUND SUBTRACTION. 



(1) £431. .6.6. 

(2) £9787..3..9i. 

(3) £5J29..18..1. 

(5) £899.0..10i. 

(6) £29886.. 19. 11. 

(7) 938/6*. 8 02. 1 7 dwL 24 g. 

(8) 298 /o^w, 16 cwt. 2 gr*. 

27/&«. 14 oz. 12 drs. 

(9) lO^dff. 3 qrs. 3 n. 

(10) 277 kks. 3 le. 73 th. 42 in. 



(11) 

(12) 

(IS) 

(14) 
(15) 
(16) 



2737 bds. 16 sL Ble. 52 

th. 35 in. 
4737 hks. 2 leas, 75 thr. 

18 in. 

13 lit. 7/ 34 p. 3\yds. 

2 ft. 1 1 in. 
7«. 3 r. 23p. 29i^rf». 
9 /. i hhd. 54 gal. 3 p. 
40 yrs. 11 fit n^. 5 dl 

19 h. 44 m. 26 «• 



EXERCISES. 



(I) £7928..11..8. 
^o^ .S58 years. 



(3) £15900030. 

(4) £3240625. 
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(5) 11 «»/. 1 qr.iilb*. (H) 220 a. 2 r. 24 p. 

(6) £158..10. (12) £U..lS..lOi. 

(7) 211 years. (IS) i yr*. 6 m. w.i d, 8 h. 

(8) £14347. (U) 8*000 yards. 

(9) 3 years, 9 weeks, 5 days. (15) 600 pounds. 
(10) 6l60 leagues. ; 



COMPOUND MULTIPLICATION. 



(1 
(2 
(3 
(4 

(5 

(« 
(7 

(8 
(9) 
('0 

(U 

(12 

(IS 

(14 

15 

(16 

(17 
(18 

( 



2 
3 
4 
5 
6 

7 
8 

9 
(1<) 

(IJ 
(12 

(IS 



£l2..9..6. 
£58..10..7. 

oL'Oa«0»*'T3> 

£234..()..6f 

jei019..l9 9i. 

£838..1J..6f. 

iE9..10..6. 

£308.14.3. 

£720..10..9. 

.£763..10..9. 

je8f)6..5..i^|. 

£n..l6V6. 

£97 6.. 1 3. 11 J. 

£S12..7. 



Worked in example. 

Ditto. 

£267..18. 

£3l5A6..2i. 

£800..14..7j. 
£17..3.6. 
£2518..l5..6'i. 
£52S9..0. 3. 
£6606..6,.9. 
£4577..9.9i. 
£670.. 19. 
£1153..0..8. 

£2264..5.aii. 



(19) 
(20) 

(21) 

(22) 
(23) 
(24) 

(25) 

(26) 

(27) 
(28) 

(«9) 
(80) 



RULE II. 

(14) 
(15) 
(J 6) 

(17) 
(18) 

(19) 
(20) 

(21) 

(22) 

(23) 



70 lbs. 6 oz. I4^dwi, 8 gr. 
339/. IQ cfvt. '2 qrs. 9 lb. 

3 oz. 10 drs. 
527 lbs. 10 oz. Sdr.lsc 

^ grs, 
161 yds. 1 or. 
480 Mj. /. 38 th. 20 in. 
629 bdl. 1 #/. 9 Ze. 59 ih. 

72 tH. 

I92»». 7/«r. 19;>. lyrf. 

lyj. 7 t«. 2A.C. 
1023 a. 1 r. 17p. 2|^«f:r. 

7yi. 64 in. 

71 i.Shhd.7 gaL 3 ql,l p. 
488 6ar. 9 £ra/. 3 g/. I p. 
574 9r#. 2 6t(. 2 p. OgaL 
4i5^yrs. 5m.0w.5d.0h. 

57 mi. $5 sec. 



£6l86..8. 

£71..18..6. 

£1009..!. 

£1449.9^ 

£1074.. 18. 

374 lbs. 1 1 02. 6 dwl. Og. 

1305 cip/. 1 qr. 26 ^«. 

12 oz. 
5742 AA:». 5 /«!• 77 ih. 

4f2 in 
15721 m.7fur. \9p.$\ 

yds. 
2605 ^r«. 6m.Sw.6d. 
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(1) Worked in example. 

(2) Ditto. 

(3) £SS6..9..6^. 

(4) £ll5„14_10i. 

(5) £228..!.. 7. 

(6) £672..6..0J. 
f7) £39..19.-6i. 

(8) £i6.i0..l3..1i. 

(9) £299i..l4..8|. 



(10) f 8907-2..2i. 

(11) £8078.. I. .ij. 
(J2) £1847..5..5. 

(13) £10900..4. 

(14) £7586 .1..1. 

(15) £639..ia..7. 

(16) £1852..10..3|. 

(17) £9956..9..4i. 



(1) £309..18. 
(a) £7..I7..2. 

(3) £l..ia.8i. 

(4) £3..l 6..6. 

(5) £*..19..H. 

(6) £12..1..6. 

(7) £]5..15. 

(8) £3..1..10i. 

(9) £l..I3..S. 

(10) £173..7..6. 

(11) £7..14..10i. 

(12) £9-l9-.7i- 

(13) £ll2..15..1li. 

(14) £139..6..I1. 

(15) £923-3. 

(16) £l5..13„4j. 

(17) £515. 

(18) £270.,8..11. 

(19) £l6..8..6i. 

(20) £84..I6..3. 

(21) £lS4..6..8. 

(22) £5S-3. 

(23) £170..19"S. 

(24) £31..9..7i. 

(1) 219 Cfff. 2 qrt. 14 Ibi. 
h) £2.18..l. 

(3) 100 miles, 100 yards. 

(4) 40319*. 14 »™/. 3^/. 

2 Uu. 12 OSS. 10 dr. 



(J.i) £31..7..9. 
{•id) £564..i7..7A. 
(^7) £6..S..9. 
(^M) £i98. 
<2')) £458..18. 
(MO) £32-5..3i. 
(ai) £43..17..6. 
(jy) £9l..i5..iiJ. 
(s^) £60..18..9. 
(J4) £32..18. 
(via) £5..3. 
(:iti) £158,6-8. 
(:J7) £24„4..4i. 
{38} £l6_14..6i. 
(.sy) £l..l3..5i. 
(40) £l..I5..2j. 
(U) £l8..2..3. 
(4'i) £315. 
(i:l) £97..13. 
(tj.) £U..0..1. 
(J5) £85..I0. 
(4.(;) £8-15..7. 
(47) £15..11..8. 
(43) £5..I3-7. 

(5) 3 his. 01.76 th. 

(6) 1440 hanks. 

(7) 72 hours, 48 nunatcs. 
(S) 5 skins. 

(9) 596088000 mUes. 
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(10) 1080 hanks. 

(11) 151800 per day. 

(12) ie4894..2..Sj. 

(13) 25 miles. 

(14) \2lbs.6oz. 

(15) 171 inches. 



(16) 8 cwL 2 qrs. 25 Os. 

(17) 26136 lbs. 

(18) 4860 threads. 

(19) 4 hanks 274 yards. 

(20) 1182 hanks 6 leas. 



COMPOUND DIVISION. 



(1) £I5..19..8. 

(2) f 9..14..6. 

(3) f S9..2..5i. 

(4) iB25..2..4i. 

(5) £8..9. 2. 

(6) £S..1S.M. 

(7) £4S..9..6|. 

(8) £2..7..4. 

(9) f21..9..< 

(10) f 3..19..9i. 

(11) f60..4..2 

(12) f2..11..2 

(13) f i7..7..a 

(14) f 8..19..4|. 

(15) £49..14..11|. 

(16) 15 cfvt. 2 gr^. 14 lbs. S 

02. 10 £^r. 

(17) S lbs. 6 oz. 19 dtvU 7 + 

(18) 2%J. 7 oz* 7 c'r. 2 «c. 19 

(19) 6 ^c2f 2 qrs. 2 -f naiilr. 

(20) 43 hks. I. 74 th. 48 tn. 

(21) S9^rf». 1.A lli«». 

(22) 1 1 m. 5jur. 23 p. 

(23) 4 M(2f. 59 ga/. 6 p. 

(24) 6 /. 5 Cf9/. qrs. 7 ^'- 

1 +0Z. 

(25) 5 m. 3y«r. 25 p. 4 ^rf. 2 /?. 

(26) 23 hks. 1 /. 73 th. 13 tn. 

(27) 70. 3r.24jp. +. 



i 



(28 

(29 
(30 
(31 
(32 
(33 
(34 
{35 
(36 

(37 
(38 

(39 
(40 

41 

42 

(43 

(44 

(45 

(46 

(*7 
(48 

(49 
(50 

(51 

(52 

(5S 

(54 

(55 

{56 

(57 
(58 



8 hhds. goL 3p.+. 

6 lbs, 3oz, 3 dr. 

57 cmL qrs. 13l6s.6oz. 

27 yrs. 1 wf. I W.2 d. + 

JBl..3..7f 

£2..13..9f 

£8..10..4|. 

5s. Qd. 

£i..3..ni. 

£2..8..6i. 

db3.*l3.*l. 

£9..l7..6i. 
18«.2fi;. 
£1..14..10. 
£3..17..9. 

aLl**D..4* 

£l..l9..4i. 

£i5..2..3-T. 

2 cwt. 2 or«. 25 lbs. 
5 yds. 1ft. 3 in. 

1 bar. 10 sal. 2 pi. 

lOhks.3l57tn.48in. 

3 acres. 

5 miles^ 29 perches. 
I9yrs. 1 m.%3 d. 
19 <• 5 cfP/. 21 Z6#. 

2 Ws. 8 oz. 4 <;?i&/. 

6 AAcKff. 11 gal. 

4 ^(2f . 2 ^r J. 

6 ^r*. 44 w. 73 A. 
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A STSTEM OF 



BXERCISBS. 



(1) 

(2) 

(3) 
(4) 

<!> 
(6) 

(7) 

(8) 

(9) 
10) 

11) 
(12) 
(13) 



[ 



£l.^..6j. 

£5. 

125 counts. 

3 cn>t. 2 qrn, 14 lbs* 

120 hanks. 

120 cannisten. 

25 weeks 

1 5 velocity per minute. 

1 lea, 73 threads. 

7^ per second. 

7733 + stars. 

80 yards. 



(14) 
(15) 

(16) 

(17) 
(18) 

(IJ)) 
(20) 

(21) 

(22) 

(23) 

(24) 



lOf. 6d. 

lOx. a man, 3#. 4£^. a 

woman. 
2«. S\d. per week. 
£94.15.8^. 
43 ounces. 
882 impressions. 
76 ounces. 

72i*V gallons. 
72 teeth. 
4 times. 
27^ strokes. 



QUESTIONS. 



1) £l7..3..5i. 

2) £44.8..6|. 

3) 1 34 /. 6 cwt 2 qrs. \S\ lb. 

4) \Mhks.SLl\th.^\\in. 

5) 1 06 A/icb. 62 ga^ 4 /I. 





3) 
*) 

6) 
7) 

8) 
9) 
(10) 

(11) 



£5..i6..3. 

JE3..I8..9. 
£241..6..11i. 

31 cwU 1 gr. 22 ^«. 
£3()2..10..6i. 
7 parcels iff. 
96912 bricks. 
12|Y8 nioons. 
60 ^yV yards. 
i;491..o..6. 



(6) £ll..l..9i. 

(7) £15..5..3|. 

(8) £3..4..4f. 

(9) 23 ciz^/. 3 qrs. 20 /^. 



(12) £35..l6. 

(13) £l..ll..6. 

(14) £309..18..4. 

(15) 15 cwt. 

(16) 14 ci»/. 

(17) 20 planks. 

(18) 36 cards. 

(19) 42 inches broad. 

(20) 15 tokens. 

(21) \S65tonSy 2 cwt. 



AVERAGES, 



(1) 58f. 

(2) 104^. 

(3) 18A. 

(4) 3 cwl. 2 qrs. 0\ lb. 

(5) 29 hanks. 

(6) 2 hks. i /. 30 /A. 



(7) 84. 

(8) 20^ feet 

(9) 4 feet 14 inches. 
(10) 18 tons. 

(U) 15itons. 



PRACTICAL ABITHMBTIC 



(1) £i6»7. ■ 

(2) i;42l7..lO. 

(3) £l975-.6..8. 

(4) £I081..13. 
(3) f i787- 

(6) £6*9. fi-8. 

(7) £810_I7..6. 

(8) £473.. 18. 

(9) £747..1S. 

(10) £470..18..8. 

(11) £172..8..9. 

(12) £i87..IS. 



£118.-9. 

£l36..l6..6. 

£158.-18. 

£85.. 1 4-3. 

£49.11. 

£39..18-.7i. 

£33..14..6. 

£20..2..44. 

£l7-I8..1- 

£9-1 6"7. 

£19.11,.10- 

£339.-10.74. 



(25) £691..I4. 

(26) £491 .4..C. 

(37) £28.-16.-6. 

(38) £23..18. 
(29) £l21..I4.2i. 
(.30) £|8..13..64. 
(31) £4..19..8. 
(.li) £930^5. 

(33) £146. 

(34) £474.-8.-9. 

(35) £54..1l..8. 

(36) £14..6..9J. 



(1) £l9..10..8i. 

(2) £67.-1 1-.104. 

(3) £47..I8..5. 

(4) £95..1li..7i. 

(5) £3rt..ll..4i. 

(6) £66..19..6. 

(7) £41..14..0i. 

(8) £66.-i7..6. 

(9) £.59..7..93. 

(10) £71.-10. 

(11) £l80..3.-g|. 
(la) £206..I..lOi. 

(13) £88..0..5. 

(14) £76-..S-.S. 

(15) £98-5- 114. 



(1) £I56..18..9. 

(2) £452.-l6..8. 

(3) £l95..8.J3j- 

(4) £4*5..U..54. 

(5) £340..8.-4.4, 

(6) £2 1 3.. 10.. 104. 

(7) £i92..ii..li. 

(8) £521..I.-104. 

(9) £540..2..5|. 
— - 9.-S-9I. 



(10) £619.-2. 



(I(i) £84-8..l4. 

(17) £n9..i8..74- 
(IK) £li0..15..104. 
(liO £97..14..34. 
(iO) £359.-lS..4. 
(91) £243..15..6i. 
(2i) £-288.14..5. 
(3J) £87..6..104. 
(2+) £344..9..3. 
(-5) £270..4..3J. 
(^G) £149.-7.-3. 
{■il) £326.,11..6i, 
(■iH) £179..17..7. 

(29) £390..3..U. 

(30) £190..9..0|. 
8. 

(11) £1139-.15..2A. 

(12) £169..0..64. 

(13) £243-2-21. 

(14) £86..l6..1. 
(13) £943..1I..6J. 

(16) £680..4..74. 

(17) £9.5-9-.li. 

(18) £267.. 13.-7 J. 

(19) £395..16..8. 
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A SYSTEM or 



CASE 4. 



(1) £376, 

(2) £855.. 12. 

(3) £2279" 14. 



(1) £1721..19..2. 

(2) £660..14..S. 

(3) £.M28..11..10i, 

(4) £947..4..6i. 

(5) £l6l6..1S..7i. 

(6) £6280...7. 



(1) £.5911 ..3..9. 

(2) £lS931..13..4. 

(3) £15212..12..6. 

(4) £ 5852..3..4. 

(5) £5051..0..7^. 

(6) £9462..6..1li. 



(1) £96l..4..2. 

(2) £l(}00..15..7i. 

(3) £1879.1 8..7|- 

(4) £1847..17..5. 

(5) £3411. .7-1 04* 

(6) £5666..7..1l|. 

(7) £1994S..2..3. 



(1) £142..10..61. 

(2) £75..15..n|. 

(3) £40..4..2. 

(4) £43..18..4. 

(5) £6..18..9. 

(6) £28i..l9..ii. 



(4) £1512..16. 

(5) £2267. 

(6) £3262..4. 



(7) £4548..12- 

(8) £2687..4. 

(9) £6811. .4. 



CASE 5. 



(7) £1569..18..11|, 

(8) £l741..8..1i. 

(9) £l752..3..6. 

(10) £5324..19..0|. 

(11) £2511. .3..!^. 

(12) £2602..14..7. 



CASE 6. 



(7) £6l89..5..7i. 

(8) £5962..2..10i. 

(9) £26547..3..10:J. 

(10) £l6l09..9..iO, 

(11) £ll024..8..9i. 



CASE 7* 



(8) £6147..13..10^. 

(9) £l53l7..10..5i. 

(10) £2982.4.. 1 Of. 

(11) £l0955..17..11i. 

(12) £l3542..18..10|. 

(13) £62605..2..10f 



CASE 8. 



(7) £l21..6..2j. 

(8) £8.5..8^. 

(9) £81..17..10. 

(10) £l81..7..9i. 

(11) £89..3..2i. 

(12) £2i9..15..6. 



PRACTICAL AKITHUETIC 



feei. in. p. . 


,i 


feet. m. p. 




(1) 27 1 6 





{9) 730 7 8 





(3) S3 6 11 





(W) 85* 7 





S) 72 6 





(M) 543 9 9 





♦) 27 7 5 





(1-1 1319 3 9 





. 5) *3 1 6 





(i:i) 3117 10 4 





(6) 17 6 10 





(14.) 11402 2 4 


11 11 


(7) 35 8 6 2 


s 


(l,-.) 2988 2 10 


4 6 


(8) 79 11 6 


6 








SXERCISEB. 




(1) £375..19..I. 




(7) £23..I9..S. 




(2) £f70..I3..23. 
(8) £12477..6..6. 




(8) ,e234..0..9i. 






(9) £5..4..8l. 




(4) f 1770..9. 




(10) jE58..6..5i. 

(11) jE;58..4..1|. 




(5) £5327..7. 






(6) £l!)*8..8..2i. 




(12) £l3084..7..6. 





ALLOWANCES ON GOODS. 



(1) 574cwi. 3^* 24 /A*. 


(13) 49 cw(. ^r. 8 /6». 


(2) 6S ctvl. S gri. 24, Ibt. 


(14) \6cmt. 1 qr. Mi lb*. 


(3 J 3792/6*. 


(15) 27 cw/. l^r. 23i6#. 


(4) 87 cml. 1 jr. 26 ttr. 


(16) 29 cn>(. or. 2 tt*. 

(17) 221 ;i gallons. 


(5) 2304 tt*. 


(6) 329 cn>t. 2 ?r*. 7 tt*. 


(18) 70/6*. lOfts. l»Adwi. 


(7) i06 cwl. qr. 5 Ibt. 


(ly) 598itt*. 


(8) l9ticM'/. 3yr*. 5/fi*. 


(20) ildd thi. 


(9) 55\ ctvt. 3 qrs. iglbf. 


(21) l6cw(. l9r.24ft*. 


(10) 280 cwi. 1 gr. 23 ft/. 


(22) 550 bushels. 


(11) &96ctvl. 1 yr.9/6*. 


(23) £2590..10. 


(12) 145 ctvt. ^r. 26 i6». 


(24) 1603 tt*. 


PROPO 


RTJON. 


18*. 


(4) 125 countj. 


,2) Ss. 


(5) 720 minutes 


1 3) 24 yards. 


(6) 300 hanks. 



A BTSTEM or 



(7) 42 indies diameter 

(8) iSO grains. 

(9) 3 hanks in the lb. 

(10) 35 teeth. 

(11) 100 hanks, 4 remainder 
(13) .')80 hanks. 

(13) 953 hanks. 

(14) 39 inches diameter 

(1 5) 659 hanks, S remainder 

(16) 4 As. 

(17) Slbt. 11 oz.irem. 

(18) Si9lf>*- 

(19) 1680 ends, 
fao) 72 teeth, 
(sn 1584 hanks. 

(32) 4} inches diameter. 
(S3) 2940 inches. 

(24) 40 yards. 

(25) 92s hanks, 
(96) 384 bricks 

(27) 76 lbs. 12J m. 

(28) 140 flags. 
(39) 590 yards. 

(30) 34 doffings 2^ hanks. 

(31) ms lbs. 

(33) 214 hanks in the ift. 
(83) 45 Um. 

(34) I29J hanks. 
(33) zlb*.T ox. nearly. 

(36) 78/j hanks. 

(37) 384 yards long. 

(38) 360 gallons. 

(39) 240 hanks in 1 lb. 

(40) 30 inches diameter. 



(41) 1300 Af. 

(4^) 1932 tt/. 

(4^) 36^^ incbca diameter. 

(4!-) 114 revolutions. 

('!.)) 1066| reroiutions. 

(4t;) 70 lbs. 

(47) H cfvt- 

{4.S) 548^ lbs. 

(4|i) 19 cogs. 

(.00) 9%* inches dJamet^. 

(51) 37^ inches diamet^. 

{',1) 730 A*. 

(yS) 87 inches. 

(.-,1.) 30f tt«. 

(,■■>,-,) 250 feet 

(ri(i) 88 /6«. 

(57) 480 inches long. 

(->S) 15644} bricks. 

(,-.<)) 93466* brides. 

((ioj 15000 bricks. 

(<)l) 10 hours 3^ minutes. 

(6:2) 36 inches. 

{(is) 3 ctpf. 3 grt. SI Af. 

(64) 378 men. 

{65) 7 inches. 

(66) 26 pinion 

(07) 54 bevil. 

(lis) 52i inches iMig. 

(ijc)) 4 /6f. 9^ drs. weight of 

(70) 100 picks! 

(71) 300 lbs. 
(78) 576 tt*. 



VULGAR FRACTIONS. 



REDUCTION. 

PROBLBU I. 



A- -i^- ^i- Hil- AV.. tAS- Mi- f *. 
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PROBLEM U. 

iW «V^- W- «. H- 

PROBLEM III. 

4|. 6J. 141. ^H' 124- 7i. IH- 17|. 

PROBLEM IV. 

V- V- V- M'- *r- V- V- V- 

PROBLEM V. 



(1) «• «• 

(2) A' A* A' 

(3) m- m- m- m- 

(*) iVA- IJH- A'bV 



(5) HSf- im- mi- 

(6) si§§- Ilia- mi- vwic 

(7) 4«}. i%V Hi?. Ifl?- 

(8) iy- 188- ^• 



PROBLEM TI. 

(1) m- I («) «• I («) !%• I (4) H- 

PROBLEM VII. 



(2) tW- i%V. tW- 

(3) *««• J18. m- m- 



(4) «8. 18- H- 

(5) 8«- Vif- !«• 



PROBLEM VIIL 

The answers in the first 10 questions are the terms given 
in the next 10. 

The answers in Uie questions under the note are the terms 
given in Problem 9- 

PROBLEM X. 

(2) 4032. I (3) 2160. 

PROBLEM XI. 

The questions are worked. 





PROBLEM XII. 






Rule 1. 


(i) H' 1 (2) if. 


1 


(s)H 


Rule 2. 


(1) iV 1 (2) Jf. 


1 


(8)*f 



w 




A SYSTEM OF 






ADDITION. 


(1) 


«!!!■ 




(1T)8.. lj,V 


« 


iA- 




(IS) f 1..U..3. 


(3) 


l.'.WV 




(13) 3i)i.SJii.l. lOSJgr.. 


!') 


SiiHi- 




(H) f l..l..*H. 


(5) 


ill- 




(15) IS ctfl. 1 1 thi. ,Sj. 


(6) 


»ftVi- 




(16) 5 bushels 3tV pecks. 

(17) 4rf. 10 A. 36 m. 


0) 


2ii«(- 




C») 


20H. 




(18) £w3..6..7^-^g. 


(9) 


3»,^. 




(19) 544 ;6f. 10 ta. gf drf. 


(10) 


78,%. 




<«o) U- 






SUBTRACTION. 


(0 


13- 




(10) 14). 


(2) 


I%- 




(11) ISj. 


(3) 


IH' 




(121 9i|. 


<*! 






(13) li..iiH. 


5) 






(14) 14<. 5if 


(6) 


IW- 




(IS) £i.3..5Hf. 


(7) 


'§■ 




(16) «. 


(81 


3(1- 




(17) f«. 


(9) 


4- 




(18) ldwl.lSiigr,. 



MULTIPLICATION. 



(J4) 11..9i|. 
(15) 19<. SJA. 



(16) i6.7..0i A. 

(17) jE0.4..3| f 



(14) 5.. Oil. 

(15) 16!. 9,?,. 



(16) ^y^ part day. 

(17) 1926»H. 



PRACTICAL ARITHMETIC. 
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PROPORTION. 



(1) £400..14..3i f 

(2) iOSj\ planks. 

(3) 200 feet^ 5i\ inches. 

(4) 441 lbs. 

(5) je75..10..8i f. 

(6) 2 feet, lOflf inches. 

(7) fj inch thick. 

(8) 2861 § lbs. 
19) 26i lbs. 

(10) 8| lbs. 

(11) 7x^5 inches long. 

(12) i inch long. 



(13) 1| inch diameter. 

(14) 3X inches diameter. 

(15) 24 inches diameter. 

(16) 5^^ inches diameter. 

(17) 60 J f or 61 pinion. 

(18) 32|8 or 33 pinion. 

(19) lOj^g ^#. 

(20) 323> 527^ 589 turns of 

each. 

(21) 73 hours when all come 

to the same point. 

(22) 17 nimbler^ i6\ slower. 



DECIMAL FRACTIONS. 



ADDITION, 



(1) 6637 872625. 

(2) 104*30009. 

(3) 966-653554. 



(6) 35-77. 

(7) 80-438504. 

(8) 2-18693. 



(4) 246-0884. 

(5) 105-2592494. 



I 



(1) 13-31. 

(2) -61436. 

(3) 79-347. 

(4) 416-1857. 



SUBTRACTION. 

(9) -2978. 
(10) -215846. 



(11) 3-627. 

(12) -000691. 



MULTIPLICATION. 



(1) 50387-0389. 

(2) 59728-5838. 

(3) -0646263. 

4) -0009282. 

5) 2-7321. 



(6) 17-586. 

(7) 6-19014. 

(8) -633654. 

(9) -000312. 
(10) 18-164. 

DIVISION. 

(5) 3-157947. 

(6) '003596. 

(7) 3138758. 

(8) 116648-16|. 



(11) 448-8. 

(12) 641-52. 

(13) 781-4. 

(14) 9851-6. 

(15) 6871460. 



(9) lll-359r?7. 

(10) 1105-36. 

(11) 22-92. 

(12) 7-48635. 
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▲ 8T8TK1I CHP 



(1) 125. 

(2) -625. 
(S) -25. 

(4) -75. 

(5) -875. 

(6) -S. 

(7) .1. 

(8) -83. 

(9) -16. 
(10) -5625. 



i 



1) 

2) 

(8) 



(1) £ -0375. 

(2) £ -0416. 

(3) £ -875. 

(4) £ -634375. 

(5) £ -9989583. 

(6) £ -714583. 

(7) £ -16. 

(8) £ -3. 

(9) £ •& 
(10) £ •0458S> 



REDUCTION. 

PROBLEM I. 

(11) -2. 

(12) -013. 
(IS) -00053. 

(14) -63. 

(15) -72. 

(16) -4. 

(17) -81. 

PROBLEM II. 

(♦) 4- 

(5) f 

(6) n- 

PROBLEM III. 



(18) -1 42^57 

(19) -27. 

(20) -076925. 

(21) -01. 

a a 

(22) -20372. 

(23) -6. 

(24) -94117647. 



(7) 
(8) 
(9) 



I- 






(11) £ -01875. 

(12) £ -003125. 

(13) -0625 cwi. 

. . 

(14) -0714285 cwU 

(15) -007589 ton. 

(16) -9058 ton. 

(17) '9875 lb. troy. 

. 

(18) -05694 Hf. troy. 

(19) -275 02. troy.' . 

(20) -00439 cwi, 

(21) -671875 lb. avoir. 

. 

(22) -30972 lb. troy. 

(23) -75 yard. 

(24) -375 yard. 



PRikCTlCAL ARITHMETIC 
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(25) '7656^5 mile. 

(26) -56875 acre. 

• 

(27) -8 foot. 

(28) •gifishflling. 

• 

(29) -83 shilling. 

(30) '625 shilling. 

(31) -59027 guinea. 



(32) 1-085 Dolc. 

(33) -019803^^ year. 

(34) -297916 hour. 

(35) -3675* 
IsS) •4767857+- 

(37) -0428+. 

(38) -2. 

(39) -0357+. 

(40) -5714+. 



raOBLKH IV. 



(1) 9d. 

(2) 9f. -936. 

(3) ns.6d. 

(4) 12^.8^. 

(5) 19#. Hi -999968. 

(6) 14*. Si -99969. 

(7) Ss. 2i -6. 

(8) 6s. 

(9) 12*. 

(10, lO|-996«* 

(11) Hd. 

(12) I qrs. 
(is) 7 I6s. 

(14) 7-9999936 lbs. 

(15) 17-6 + lbs. 

(16) 18 cwi. 12 lbs. 15 OK. 

13*952 drs. 

(17) 11 <w. \7 dfoi. 

(18) 13 rfw/. 1 5-9744 gr#. 
09) bdwU 12 grs. 

(20) 7 02. 13-984768 rfr#. 



(21) 
(22) 
(23) 
(24) 




(27) 
(28) 

(29) 
(30) 
(31) 
(32) 

(33) 
(34) 
{35) 
(36) 
(37) 
(38) 

(39) 
(40) 



10 oz. 12 dt'S. 

3 oz. 14 dfvt. 7*9872. gr. 

3 9r#. yard. 

1 or. 2 n. 

6 furlongs^ 5 perches. 

2 roods, 11 perches. 
9'6 inches. 

lO^d. -968. 
9id. -84. 

7^ 

12#. 4iifL -99216. 

Ucwt. 1 or. 12-88672. 

1-79025 foot. 
7*249995 days. 

7 hours, 8 minutes -976. 
22*05 minutes. 

2 leas, 57 threads. 
38 threads, 32 + inches 
20^ inches. 
6f inches. 



INTERMli^ATE DECIMALS, 



REDUCTION. 



PROBLEM I. 



]• 



k5 



802 



A SYSTEM OF 



PROBLEM II. 



(1) 17*. Sd. 
h) 2s. lOd. -IS. 

(3) 41 lb. 11 oz. 9*9 drs. 

(4) 5jur. 15 per. ^tfds. 4*72 

inches. 



(5) 14#. If -12. 

(6) 1 gr. 19002 lbs. 

(7) 15#. 0^^.+ 

(8) 3 r. 15 per. l6,vc?#.+ 



(1) 'S6S6SQ. 

(2) -468468. 

(3) -485454545. 



PROBLEM III. 

(4) 762927927. 

(5) 'S^SSSSSS. 



(6) -264181818. 

(7) -405405405. 



ADDITION. 



(1) 2-27447. 

(2) 74375. 



(3) £28-597916. 

(4) 1-903154673124970. 

SUBTRACTION. 



(5) 204807867273213. 

(6) 2 461981. 

(7) 3-40512821. 



(1) -080207. 

(2) 'I916. 

(3) -9697916. 



(1) 1-16. 

(2) 243-75. 

(3) 21-146. 

(4) 243-97916. 



(4) -46428571. 

(5) -2619047. 

(6) 13-72619047. 

MULTIPLICATION. 



(5) 3983-3. 

(6) 678222-2. 

(7) 3-370. 



(7) 4-205128. ' 

. . 

(8) 6-082. 



PRACTICAL ARITHMETIC. 

(8) -37592. 

(9) 14-54. 

(10) 2614-2857142. 

(11) 5083-7645270. 

(12) -24553571428. 

(13) -2083. 

(14) 6-7839506172. 

(15) -4131. 

(16) 233-8771. 

(17) -415. 
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(18) -14424. 

(19) -3. 

(20) 49-725. 

(21) 9-2507318. 
• 

(22) -3936117. 

(23) -204960. 

(24) 6-026. 

(25) 25-35416. 

(26) 4-9029484. 

(27) 2-193732. 

(28) 24-788. 

(29) 5-38. 



. . 



(30) -260. 
DIVISION. 



(1) P2916. 

(2) -481. 

• 

(3) -11342. 

(4) 11-746. 

(5) 10-04. 



(1) '0408 hank. 

(2) -6857 o«. 



(6) 3386-6. 

(7) 135-48. 

(8) -1458. 

(9) 52-875. 

(10) 26-8. 

(11) 7-52. 

(12) 19-8. 



(13) -0065448. 

(14) 20-571428. 

(15) -52117. 

(16) -83818125. 

• 

(17) -10694. 

(18) -6090. 



(3) -010279 hank. 

(4) 7328-5 + deals: 

(5) 6907-9787 hanks. 

(6) 10-83 (lays; 

(7) 1-0078 tons long end, 
1*4294 tons short end.+ 

(8) -71? inches. 

(9) 5-805 inches. 



PROPORTION. 

i (10) 13-55 velocity of the 
less to the greater. 

(11) 5-74 to 1 force. 

(12) 14-5 + hanks. 

(13) 9-85 + draft. 
( » 4) 5-45 -j- ounces. 

(15) 7607 gallons. 

(16) 1-215/6. troy. 

(17) -823 lb. avoirdupois. 

(18) -3 inch thick. 



4, avSTEH or 
COMMISSION. 



(1) £6U.l5-^. 

(«) i:i2..o..ij. 
(«) faa.i5..7?. 

(4) JEUU-Oj. 

(5) jEi-n..iof. 

(6) fs„ia.si. 

(7) £i..io.jil. 

(8) f I..6..I0I. 



(9) 18*. 6ji 
(10) £S!)8..S. 
(It) JES..6..6. 
(IS) £49.-10. c 

£1S95..15..4. proceeds. 

(IS) £l8..2..4j. comtniMion, 

£&n..O..^. invoice. 



(1) £S3..l6..7i- F«>^ut». 

(2) M65..9..6. 

(3) f I58..0..03. 
(♦) f 68..7„73. 

(5) £ll6..I4..If 

(6) £l..l7.-«- 

(7) £UU8J. 
(S) £44..8..34. 

(9) £4000. insured. 

(10) f 8904..9..3. 

(11) £]0S8..8..7i. 



(12) £l686..«..IOj. 

(13) £718.-1. 8i. 

(141 £7es..e..ii|. 

(15) £982..9-5!. 

(16) £40000. 

(17) £623 .15..6i. 

(18) £l625..10..3i. 

(19) £94a..l2-8|. 

(20) £828..1..1l|. 

(21) £895..ia.7. 

(22) £39S4.A.1I. 



(1) £8a5..6. 

(2) £91 7.-7-4. 

(3) £672- 19. 

(4) £700. 
(6) £3772. 

(6) £5882-8. 

(7) £ll60..8-8j. 

(8) £754-.14..4. 

(9) £19*3"6"4J. 
(10) £436..19..fl|. 



STOCKS. 



<11) £l304..6..11i. 
0*) 5^ interest per cent 
(13) 4||S interest per cetiL 
(It) 5^7'^ interest per cenC 
(l5) 7^ interest per cent 
(!6) £54_10-10i. 

(17) £8187-10. 

(18) Interest 5^ per cent 

(19) £n5..&.8. 



PRACTICAL ARITHMETIC. 
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CREDIT, AND THE TIME WHEN BILLS 

BECOME DUE. 



(1) June Ist 

(2) July l6th. 

(3) April 28th. 

(4) October 29th. 

(5) December 19th. 

(6) Bill lf)th July, in cash 

19th September. 



(7) 57 days to run. 

(8) November 26th. 

(9) October 19, due in cash. 
(10) October 12th. 

(li) December 1st. 
(12) December 21st due in 
cash. 



(1) £S0..3..9i. 

(2) £875..18..3i. 

(3) £307..18. 

(4) £l..3..11i. 

(5) £l030..8..ni. 

(6) £4..18..9i. 



INTEREST. 

(7) £3..0..3i. 

(8) £l3..1U10. 

(9) £l6A..lOi. 

(10) f 7..12..8i. 

(11) £3..l..2j. 

(12) £3..l6..104. 



(13) £9"9..S. 

(14) c£4..9. 

(15) £l0..0..11f 

(16) £5..7..8i. 

(17) <€2..10..3i. 

(18) £l..l6^l. 



IniereHfor Months, at £5, per cent. 



(1) £0..IS..4. 

(2) £4..5..li. 



(3) £lM9..4i. 

(4) £70..7..6|. 



(5) £217..5..7i. 



Interest for Years and Months, at £5, per cent, 

(8) £l7..15. 



(1) £92.- 18-9. 

(2) £9..11"8- 

(3) £4..10..6i. 

(4) £32..6..9. 



(5) £53..0..64. 

(6) £0..1S..4. 

(7) £4..5..2. 



(9) £4..6..10i. 
(10) £5..9..1i. 



JFbr Months, at any rate per cent. 



(1) £2..15..3i. 

(2) £4.,13..7|. 

(3) £99..1..8. 



(4) £74..2. 

(5) £2. 8..7f . 

(6) £30..8..4. 



(7) £7..14..2i. 

(8) £8. 6..8. 

(9) £6..12-lf. 



For Days, at any rate per cent, 
(1) £4.15..1|. I (2) £11..10..6|. 



For Days, at £5. per cent. 



(1) £3..18..11. 

(2) £36..9..8i. 



(3) £l6..1..7. 

(4) £3..8..5^. 



(5) £l..7..5i. 

(6) £l..l2.,Sf. 
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Partial PaymenU* 
(1) £7..6..8i. I (2) £8..6..10. | (S) £iS..lS.A\. 

XcamnU Current. , 

Y V ( £8..15..7i- balance of interest. 
^ ^ \ £255..1S..7i. balance of account 



(2) 



J £l..5..8. balance of interest. 
( £ 1 22..4..8. balance of account. 



(^\ i l^« 7i«?. balance of interest. 

^^ I £S 1 .. 1 0..7i. balance of account 

(/L\ J ^^'' ^* balance of interest. 

^^ \ £86.. 1 1 ..6. balance of account 



COMMERCIAL DISCOUNT. 

(1)£3.14..4. I J £l..4..7. balance of di$. 

(2) £2..13..4. (6) < £l..5..0. commission. 

(3) £v..0..7. I JE497..10..5. neat 

(4) £7..9..0. I (7) £442..5..6. balance in cash. 
/x\ i commission 3*. Q\d, 
^^ \ discount 18*. 11 rf. 



TRUE DISCOUNT. 



(1) £12..18.,.5. I (3) £97..5..1. 

(2) £62..0..7|. 1 (4) £S840..19..3i. 



BILLS OF PARCELS AND INVOICES. 



(1) £19..12..11. 

(2) £53..4..10. 

(3) £669..18..2i. 



(4) £208..9..8|. 

(5) £3..13..9. 

(6) £1509..5..10. 



(7) £54..18..1i^. 

(8) £l 35.. 1 7..7i. 

(9) £329..4..1l. 



EQUATION OF PAYMENTS, 
'ays. I (2) 238-ifday8* | (3) 188f days. 



PRACTICAL ARITHMETIC* 
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PROFIT AND LOSS. 



I 



1) £33.A7.'S. gahu 

2) £2U7:6. gain. 

(3) 5s. 5^jd. selling price. 

(4) 4#. d^d, buying price. 



9^ 

(2) 
(3) 
(4) 
(5) 

(6) 

(7) 

(8) 

(9) 
(10) 

01) 
(12) 

(13) 
(14) 



9 It per cent. gain. 
10 per cent. loss. 
2f)^\ per cent, profit 
13^\ per cent. loss. 
£11..15..1. or 56^1 per 

cent 
20f per cent 
19§^ gain per cent 
4fS, sefiing price. 
13#. 6d, selling price. 
lis. selling pnce. 
4^. 9^. selung price. 
9d. per lb. selling price. 
^. lOd. per /6. selling 

price. 
3s, Sd. prime cost 



(5) 582 yds. 1 ^. 1^ n. 

(6) 25 cft^^ 1 qr. 26|f /&#. 

(7) 242 civ/. 3 (jfr«. 12 lbs. 



(15) 15#. prime cost 

(16) 5#. 6c{. prime cost 

( 1 7) 5^ prime cost 

(18) 4r. prime cost 

(19) 9#. 6d. prime cost 

(20) 34f per cent profit 

(21) 19§ per cent loss. 

(22) 24 J f per cent gain. 

(23) f per cent loss. 

(24) £896. prime cost 

(25) £872.. 10. prime cost 

(26) £5..4..8JV. bought at; 

£5..7*.9|- sold at 

(27) 2345^1 lbs. 

(28) 1536JS lbs. 

(29) £l..i4..4|. ^ JJ. pr, cost 



PARTNERSHIP. 



Cs 



CASE 1. 

(1) 30, 40, 50. 

(2) ^'s£48.; J5's£ll2. 

(3) Fb £300. ; 0*8 £480. ; Rs £420. 

(4) Rs stock £287.. 11.. 4. 6 rem. Cs £431..6..8. 
£575..2..2i. 12 rem. Rs gain £63..18..0^. 10 rem. 
£95..17..0i 1. 6 rem. Us £27..l6..0i J. 2 rem. 

(5) ^'s £94..15..44 A. Rs £59..4..7i ^%. 

(6) i4*s£60. ^s£70. Cs£lOO. Z^s £l30. 

(7) jTs £33..i6. Rs £39. Cs £31..4. i^s £28..12. 
Fs £23..8. 

(8) G'8£l02..17..li?. H's£85..14..3if ^'s £90. ICs 
£81..8..6f f " 

(9) 100 hanks Turkey red ; 66| hanks blue ; 133^^ hanks 
white. 
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no) First 12 revolutions ; second 20 ; third 28 ; fourth 40. 
(in 30 inches short end; 90 long end. 
(12) 31^1 inches smaller wheel; 73 ff larger. 

SI 3) 17 greater wheel; 40 lesser wlieeL 
14) 45 hanks white; 22^ green; 11^ red; 11^ blue. 

(15) 285f white; 142f green; 85^ bke; 85f red. 

(16) 19^ long end; 4-8 short end. 

CASE 2. 

(1) Jts f60..18..Si. 98 rem. Rs £l55..18..9i. SOg rem. 
Cs£263..2..11i. 189 rem. 

(2) D^s £9.12, JSTs £3..12, Fs £l0..l6. 

(3) G*s£85. IPs £90. /'s£75. X's £83. 

(4) A'8 £35..2. Bs £46..l6. Cs £78. ITs £l2S-10. 
£'s£208. Fs£l95. 



(1) SSO^lbs. 

(2) 2#. 9i id. 

(3) 2571 pairs. 

(4) Both equal. 

(5) 26| Ud. 



BARTER, 



(6) 4>5cwtSqrs. lilb. 

(7) U.9id.perlb/ 

(8) 2880 Cft;^. 3qrf. 4 lbs. 

(9) lOf jd. per lb. 
(10) 218cf9/. Ogr. ISlbs. 



EXCHANGE OF MONEY, 



(1) 12587-5 francs. 

(2) £l917..6..10f.+ 

(3) 138532 francs, 36 cents. 

(4) 5529 florins, 39^ cents. 

(5) 7526 marks, 14 schilL 

(6) 66573 francs, 61+ cents. 

(7) 6056 florins, 25 cents. 

(8) £11596..1U4^. 

(9) 7323 mar. ~14 sch. 10 pf. 
(10) 41447 florins, 34 cents. 
?11) 204055 franco 42 cents. 
(12) 41272 florins, 46 cents. 

il3) 7757 marks, 8 schillings. 
14) £358..I9..7f. 



(15) 18042m.bw4sGh. 5pf. 

(16) 92191x1. banco, 15 schilL 

(17) £805..1..9|. 

(18) 8044*88 125 m. currency. 

(19) 3336 Prussian dollars. 

(20) £ll56.12..6i. 

(21) 5426 Prussian dollars, 

16| groshen. 

(22) £647.-1 3.-3^. 

(23) 1 8938 rubles, 98 copeo. 

(24) £818..14..4.+ 

(25) 5 1 20 silver rubles. 

(26) 6285 silver rubles, 63 

copecs. 



riUCTICAt ARITHMETIC. 
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(S7) 4005-39 racbsgeld, or 1(50) £3771-3-6. 



FIX dollar. 
(28) £500. 
(«9) 5497florin9,8+kreu«er. 

(30) £498..19..2f 

(31) 15000 lire Austriacha. 

(32) 3956 lires, 44+ cents. 
(38) £a64..0..6i. 

(34) £215..5..4i.4- 

(35) 3403dol]aTa, 53groshi 



(51) 1949pezze, Ttari, 1 Bcu. 

17+ grani. 
(r.2) £S03..9..6. 
{",1) 332Srixdol.3SgnMhen. 
(U) £uy..l5..Sj. Bterling. 
{.',r,} £5*0 sterlii'g. 
(."((i) £800. currency, 
(,17) £377..15..b"4. Blerling. 
{-,S) £540, currency. 



(36) «9l3dolUr8,60gro8hen. I (,^9) £428..ll..5. Bterling. 



(37) £500. 

(38) £663.. 10. 



(dO) £59<j..l9.11i-+Bterling. 
■) £1S81..15..2|. currency. 



29fioncie,]7tari,9graiii. (li'J) 56y6doll8rB, 73 cenU. 
'40') 372<»)cie, dUri,6grBni. | ((l.'O £789. 5* currency. 



(+1) £495..l6..8. 

(42) £l36..13..6i. 

(43) 1979pewe, 7*. 7i 

(44) £:^010..8..4. 

(45) 59603 reals of plate, II 

quartos. 

(46) £l6.S..8..5i. 

(47) £55„3..6f. 
X48) 4,950 reds vellon, 

maravedis. 
(49) 47761 19 rei*. 



{(ii) £499..19..ni. sterlin 

((15) £500. sterling. 

((iff) £982..14..4f sterling. 

(I>T) 4836 dollars, 25 cents. 

((>8) £760..8,A 

(1;;)) £lS..0..10i, 

(TO) 4726 dollars, 

(71) J4O89460reis. 
12|[7J) £1099..J7- 
iC'f) £6i5..S..44. 
I (74) £60S..3. 



ARBITRATION OF EXCHANGE. 



(1) 25 francs, 25 cents. 

(2) 25 francs, 29 cents. 



(3) 560yardB English, 210 
yards Hamburgh. 



ALLIGATION. 



(1) gd. 

(2) 8*. 

(3) 7*. 9tL 

(4) 5*. 9i M P«r gallon. 

(5) 4t. gjd. per gallon, 

(6) 2 bushels at 2f. 6d. and 

3 bushds atS*.id. 



(7) Equal quantity. 

(8) I ft. at *d. 1 lb. at 6d. 

and 6 Ik at 91^ 

(9) 6 /6*. at 8*. 1 Pach of the 

others. 
(10) 16 gallons at 6«. 4 gal- 
lons of the others. 
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A SYSTEM OP 



(11) 20 at 9s, 10 at the rest. 

(12) 6 lbs. at 5s. and 6s. 18 at 

the rest. 
{IS) 6 gallons at 8#. and 9s. 
18 at the rest. 



( 1 4) 5 gallons at 4^. 6 at 6s, 
12 at 5s. and 24 at 
5s. 6d. 



POSITION. 



(1) 60. 

(2) 36. 

(3) liday. 

(4) £6*25. 



CASE 1. 



(5) 8, l6, 48j revolutions 

of each shaft. 

(6) A £90. ^. £120. C 

£150. 



CASE 2. 

(1) 20. 

(2) 17, 71, 147, revolutions 

of each shaft. 

(3) 20, 97, 473, revolutions 

of each shafl. 

(4) £l25. income of each. 



(5) Son£577..15..6i|. daugh- 
ter £422..4..54 J. 

(6) A 86. B 24. 

(7) 79 better sort, 46 inferior. 
(>*) 36 oxen, 100 sheep. 
(9) 14'77 nearly. 



ARITHMETICAL PROGRESSION. 



(1)8 difference, 297 sum. 

(2) £l80. for interest. 

(3) 4 difference, 351 revolu- 

tions. 

(4) 198 sum. 

(5) 8289 inches. 

(6) 25 wheels, 1375 revolu- 

tions. 

(7) 18 layers, 8289 inches. 

(8) 31 rows, 961 trees. 

(9) 29 teeth. 



(10) 7 revolutions first shaft, 

23 last shafl. 

(11) 180 first layer, 741 last 

layer. 

(12) 168 first revolutions, 84 

last revolutions. 

(13) 42 last wheel, 297 revo- 

lutions. 

(14) 8 first wheel, 1572 revol. 

(15) 84 last tooth, 3654 revo- 

lutions. 



Annuities, S^, in arrear at simple interest. 



(1) 480 principal, lOSinterest. | (2) £340..4. 



FRACTtCAL ARITHMETIC. 



GEOMETRICAL PROGRESSION. 



(]) 384, 8th. term. 
(S) lii\5 revolutions. 



(3) 9667-2 times its rarity. 

(4) 3280 sum. 



DECREASING PROGRESSION. 



(1) 72 miles. 

{2) 100 revolutions. 



(S) No : 400 miles would be 
the extent he could travel. 



(0 331776. 
(2) I87416I. 



INVOLUTION. 



j (3) 841 inches. 
I (4) 125 feeu 



I (5) 3375 cubes. 



EVOLUTION. 



(1) 24. 

(2) 144. 

(3) 789. 

(4) 888. 

(5) nil. 

(6) 7O8O9. 

(7) 9748. 

(8) 123456789. 

(9) 8070405. 

(10) -73. 

(11) 2-42384. 

(12) 698-343.+ 

(13) 956-49.+ 



. n- 



(14) 2480-795.+ 

(15) 2 2S60C7977-+ 

(16) 416, 

(17) -91. 

(18) t',. t», 

(19) -866. 
(-0) -027. 
(•Jl) i'8-006fi9.+ 
(-'2) 8-26639784.+ 
('i3) S2-04'r92759.+ 

(24) -0028. 

(25) 8-3I662479.+ 

(26) -000073. 



(1) 12 mean proportional. | (3) f 

(2) 9*539 mean proportional. | 



PROBLEM II. 



(1) -886 side of square. 

(2) 21-9 side of square. 

(3) 69 56 side of square. 

(4) 13-416 diameter. 



(5) 24-979 yards. 

(6) 44 percnes. 

(7) 134-16 square feet 



SIS 



A SYSTEM or 



PROBLEM III. 



(1) S, 4, 5. 

(2) 215-4+ feet 
(S) 374-98+ feet 



(4) 334*18 feet 

(5) 99-87 miles. 

(6) 97*75 leagues. 



PROPORTION, 



In which Square and Square Root are required. 



(1) 
(2) 
(3) 

(*) 
(5) 
(6) 
(7) 
(8) 

(9) 
(10) 

(li) 
(12) 

(13) 

(14) 



2450 threads. 

273-4614 content 

22-61 inches deep. 

3 hrs. 14 m. ^4fsec. 

200 hanks. 

2400 reed. 

33-75 turns. 

2-12 inches diameter. 

2 oz. 

1 5-43 acres. 

39 7 acres. 

298*04 acres. 

486-6 acres. 

323-9 acres. 



(15) 4 times hotter at A's 

seat tlian at ^s. 

(16) 15/6*. 6 02. 

(17) ^7'Slbs. 

(18) 1372 /&#. weight, 
£20..0..2. price. 

(19) 22-136 inches. 

(20) 2*378 inches diameter. 

(21) 1'687 proportionate di- 

ameter. 

(22) 7g proportionate weight 

(23) 18-37 inches deep. 

(24) 30 feet long. 

(25) 4 inches thick. 



(1) 125*2 vibrations. 

(2) 9*8 inches long. 



Tojind the length of a pendulum. 

(3) 



2:202 difference of vi- 
brations. 



TO EXTRACT THE CUBE ROOT. 



(1) 25. 

(2) 276. 

(3) 375. 

(4) 7889. 



(5) 111111. 

(6) 4070809. 

(7) -345. 

(8) 19*86228.+ 

PROBLEM I. 



(1) 12 and 18 mean proportionals. 

(2) 18 and 54 mean proportionals. 

(3) 91 ai^d 1183 mean proportionals. 



(9) 1-44225. 

(10) -045. 

(11) 9-2235. 

(12) ?, i If, 



PRACTICAL ARITHMETIC. 
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PROBLBH II. 

(1) 127 side of the cube. | («) «62 side of the cube. 

PROBLEM III. 

(1) 17-306 side of the cube. 

(2) 21-8 side. 

(3) 180-28 keel, 36-05 midship, 21-6 depth in the hold. 

(4) 99-202 keel, 19-84 midship, 11*906 depth in the hold. 

(5) 31-498 inches the side. 

PROPORTION, 
In which the Cube and Cube Root are required. 



(1) 6 inches diameter* 

(2) 85-15625 crvL 

(3) 12 inch cable. 

(4) 1393-7 gallons. 

(5) 85*16 ^<. 

(6) 216 /6«. 

(7) 93*2 feet leaa^ of the 

keel, 31-4 length of 



beam, 25-1 length of 
stem, 30-2 length of 
stem post. 

(8) 6-03 inches diameter. 

(9) 10-4 mches diameter. 

(10) 8*04 inches deep. 

(11) 21-78 inches long. 



MENSURATION OF SUPERFICIES. 



PROBLEM I. 



(1) 1350-5625 square feet 

(2) 1313*625 square yards, 

£25.. 1 9**1 1 i* per year. 



(3) 62-059 feet long. 



PROBLEM II. 



(1) 376 feet, 9 inches. 

(2) 6a. Or. 12 per. 



(3) 9a-0r.SSper. 

(4) 84 feet area. 



PROBLEM III. 



(1) 2058 feet. 

(2) 6347 ft SQ square in. 



(3) 230 feet, 67 square 
inches. 



PROBLEM V. 

(1) 1893-9975 area. J (2) 19^-7174 area. 
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PROBLEM YI. 





2) 
4) 

7) 
(10) 



37'699Z circumference. 
109 956 circumference. 
3*9258 diameter. 
7964 miles. 
3*927 circumference. 
37'6992 circumference. 
45*239 laths. 
904*78 inches. 
38 sheet cards. 
45 feet. 



(11) 2375-0496 inches. 

(12) 47* i 24 inches difference. 

(13) 4 inches each. 

(14) 14*69 inches. 

(15) 75398*4/6*. 

(16) 10*05312 feet 

(17) 5*4646 feet more in the 

round than the square 
tree. 



(1) 1 1 3*0976 area. 

(2) 5*4164+ area. 



PROBLEM YII. 

(3) 11 34*1 176 square inch- 



es. 



PROBLEM YIII. 



(1) 12*7278 side of the 

square. 

(2) 29*6982 inches. 



(3) 48*0828 inches. 

(4) 1 64*396 difference. 

(5) 123*61 difference. 



PROBLEM IX. 

(1 ) 64*42 length. | (2) 7*329 length. 



PROBLEM XI. 



(3) 225*277 area. 

(4) -58905 area. 



(1) 82-6952 area. 



(5) 16*2316 area. 

(6) 13-585 area. 



PROBLEM XII. 



PROBLEM XIII. 

(1) 15*708 area. | (2) 122*5224 area. ' 

PROBLEM XIY. 

(1) 69-397944 circumference. | (2) 66'6^3S9 circumference. 

PROBLEM XY. 

(I) 339-2928 area. | (2) 687*225 area. 
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ON COTTON SPINNING. 



PERMUTATION. 



(1) 5040 days. 

(2) 479001600 changes. 

(3) 6*7^ times the first length. 



(4) 1547*974 length of yam 
delivered from the 
mule. 



On Wheels atid Pinions. 



(1) 60 revolutions. 

(2) 146^ revolutions. 

(3) 12 revolutions. 

(4) 240 revolutions. 

(5) 149^ picks. 

(6) 47 If revolutions. 

(7) 1 440 Ihs, raised by the 

last wheel. 



(8) 147 /ft*, power to be 

applied. 

(9) 360, 144, 64 teeth in 

each. 

(10) 108, 128, 72, 21 teeth 

in each. 

(11) 320, 72, 56 in each. 



On the DrqfU of Rollers, Sfc. 

(1) 5-55 draft. 

(2) 4-27 draft. 

(3) 5-182 draft. 

(4) 2-76 draft. 

(5) 7-21 draft. 

(6) 5-18 draft. 



(7) 5-22 draft. 

(8) 5*84 first draft, 6l3 
second draft; 8'39 
roving produced by 
the alteration. 



i 



Quantity of cotton delivered. 

1) 188-496 inches. I (3) 75 '3984 inches. 

2) 1696-464 inches. | 

Number of engines to one drawing frame. 
(1) 3-7699' 

On Driifls required in Spinning. 



(1) 13-29 draft;. 

(2) 14-44 draft:. 

(3) 13-52 draft. 



(4) 10 draft. 

(5) 9-5 draft. 

(6) 12-9 draft. 



On the Hanks Roving. 

(1) 14*28 double roving. I (3) 11 *5 single roving. 

(2) 14-28 double roving. | (4) 19 single roving. 
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One preparation to keep up with the other. 



(1) 16*66 revolations of 
back roller. 



(2) 19'*^ revolutions of back 
roller. 



On the Counts of Yarn. 



(1) 156 banks yam. 

(2) 249*9 hanks yam. 



(3) 392 hanks yam. 



On the Mendoza Pulley, 



(1) 3*958 diameter. 

(2) 4*61 diameter. 



(3) 5*87 diameter. 



On Stretching and Gaining. 

(1) 12 inches stretching 

and gaining. 

(2) 15*012 inches stretch- 

ing and gaining. 



(3) 5*87 inches stwtcbing 
and gaining. 



Wheels necessary for the Draft. 

(1) 56 back roller^ 32 change pmion^ 120 stud wheel, 18 
front roller pinion. 

(2) 64 back roller wheel, 40 change pinion, 78 stud wheel, 
24 front roller pinion. 

The Twist necessary per inch of Roving or Yam. 

(5) 63*75 for twist, 55*25 
for weft. 

(6) 33*75 turns. 

(7) 60 turns. 



(1) 3*819 turns per inch. 

(2) 55*25 revolutions per 

inch for twist. 

(3) 48*75 for weft. 

(4) 60 for twist, 52 for weft. 



(8) 66*8 turns. 



Tfoist and Bevil wheels. 



(1) 61-7, 50*75. 



On Double Speed, 



0) m- 



The drafts in Carding Engines, 

(3) 31*2 draft. 



(1) 45*84 draft. 

(2) 32-26 draft. 

Weight (f cotton on the lapfravie to produce a given number of 

hanks per lb, 
21*36 02. 
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FiUeling reqtdredfor the doffing Cylinder. 
(1) 45-3786 feet | (2) 118-6826 feet. 

Ratio oftno Pulleys. 

50-2656 
^ ^ 26-272 

To produce the same counts of yam, 

8*9 draft in each head of drawing. 



MECHANICS. , 



ON BLOCKS AND PULLEYS. 
(1) 36 lbs, I (2) 512 lbs. 



DUODECIMALS, 
Or MulHplication of Feet and Inches. 



(1 
< 

(10 

(11 
(12 

(IS 

14 

15 

(16 
(17 
(18 



[ 



Jt, in. p. 

I6l 8 

540 4 6 

4341 7 7 

966 11 

8617 4 

1279 8 S sec 

5370 6 11 4 

444 5 10 6 

392 10 2 2 

671 9 5 1 

1036 10 8 

8I9 9 5 2 

1048 701 

606 10 7 6 

557 3 6 4 th. 

881 7 9 9 

249 9 5 4 

4014 7 18 8 



(19) 
(20) 
(21) 
(22) 

(23) 

(24) 
(25) 

(26) 
(27) 

(28) 

(29) 
(30) 
(31) 
(32) 
(S3) 



in. p. sec. th. 
9 4 14 



4 
4 

9 



7 
3 

9 



4 
10 

9 




8 

9 



5 
3 



4- 
2960 

4339 

2463 

5414 

£. s. 

3 1 
1 3 

13 10 11, 

14 11 2,^ 
280 feet difference, 
£l8..18. amount. 
8 1949 gallons. 

3712-5Sj.£50..12..8i. 

2j. 9i H. 

25+ rods. 

5 r. 166^. 6+ iw. 

£48..12..7. 



+ 
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BOARD MEASURE. 



(1) 4Aft.3in.6pU. 

(2) 10>. 2 in. 10 pU. 

(3) 1*. 5d. 
(4.) £l..5..9i. 

(5) 10.58/2. Jl^m. 

(6) 34 /I. 7 1«. 1 p^. 6". 

(7) 26^ feet 

(8) 41 -278 feet 

(9) 37-33 feet 
(10) 31*109 feet 



(11) 30-76 feet 

(12) 102 A 11 «»• 9 P^' 9"' 

(13) 9-75 feet- 

(14) S ft. 9 in. 9"' 

(15) 5if)l^. 9«». 3'2"8'''. 

(16) 20-5 feet 

(17) 131-82 feet 

(18) 122-88 feet 

(19) 122-88 feet. 

(20) 54-424992 feet 



ON THE STRENGTH OF BEAMS TO BEAR 

WEIGHT. 

(1) 641 x"^ lbs. 

(2) 11733-33^*. 

(3) 850 lbs. 

(4) 109^'4f lbs. 

(5) 1845-33/6*. 

(6) 7605-33 Um. 

(7) 2j^^ longest support bears, 2^} shortest suj^rt bears. 

(8) 1*125 on the longest end for 3 tons^ 1 875 on the short 
end for 3 tons, -5 on the long end for 4 tons, 3 5 oathe short 
end for 4 tons, 4 625 on the end bearing 4 tons, 2-375 on the 
end bearing 3 tons. 

(9) 1 on the long end for 5 tons, 4 on the short end for 5 
tons, -9 on the long end for 6 tons, 5-1 on the short end for 6 
tons, 6'1 weight at the 6 tons, 4*9 weight at the 5 tons, 

CAST IRON BEAMS. 



(1) 2*58 inches broad. 

(2) 4-44 inches broad. 
(S) 5-46 inches broad. 

(4) 3*7 inches broad. 

(5) 15-1 inches deep. 

(6) 1004 inches deep. 

(7) 15*9 inches deep. 

(8) 19*7 inches deep. 



(9) 1 1 -2 inches deep, 2-8 
broad. 

(10) 10-^ inches deep, $-6 

broad. 

(11) 1 6*2 inches deep, S'24 

broad. 

(12) 1-46 inches broad.. 

(13) 3*29 inches broad. 
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(14) 3*17 inches broad. 

(15) 10*8 inches deep, 5*4 

broad. 

(16) 12 in. deep, 4 broad. 

(17) 18*6 inches deep, 4*65 

broad. 

(18) 5*76 inches broad. 

(19) 4*28 inches broad. 

(20) 2' inches. 



(21) 2*5 inches. 

(22) 1'7S inches. 

(23) 9*5 inches diameter. 

(24) 10*8 inches diameter. 

(25) 6'5 diameter. 

(26) 6*2 diameter. 
(27; 7'58 diameter. 
(28) 8*6 diameter. 



JOURNALS OF SHAFTS. 



(1) 5*84 diameter. 

(2) 4*36 diameter. 

(3) 2*7 diameter. 



(4) 48*6 horses' power. 

(5) 10*8 horses' power. 

(6) 9*6 horses' power. 



STRENGTH OF WHEELS. 



(1) 4 depth. 



(2) 5*4 depth. 



Power applicable to a wheeL 
(1) 9*9 horses' power. | (2) 7*3 horses' power. 

ON THE PITCH OF TEETH IN WHEELS. 



(1) 62*8, say ^S. 

(2) 13*3 diameter. 

(3) 1 -5 pitch of teeth. 



(4) 3*15 pitch, 1-8 length. 

(5) 3-f)75 pitch, 2-1 length. 

(6) ^^'6^25 pitch, 1-5 length. 



GRAVITATION, OR THE FALLING OF BODIES. 



(1) 257-33 velocity. 

(2) 1029*33 velocity. 

(3) 128-33 velocity. 



(4) 30*476 velocity. 

(5) 41*7335 velocity. 

(6) 1029*33 velocity. 
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(1) 10500 lbs. 

(2) 49500 &s. 
(S) 7S500U>3. 
(4) 32000 Ufs. 



HYDROSTATICS. 

(5) 108 area. 

(6) 112500 16$. 

(7) 144000 ft*. 

(8) 283600 lbs. 



(9) 108000 ft*. 

(10) 208000 ft*. 

(11) 112500 ft*. 



HYDRAULICS. 



( 1 ) 86*4 cubic inches. 

(2) 39-816 cubic inches. 

(3) 20*5 mean velocity. 

(4) 30*5 mean velocity. 

(5) 22*48 cubic feet 



(6) 8417-5 cubic feet 

(7) 762*587 cubic inches 

per second. 

(8) 4403*7 cubic inches per 

second. 



WATER-WHEELS. 



(1) 37*2 horses' power. 

(2) 18-4 horses' power. 

(3) 1 0*66 horses' power. 

(4) 182*2 circumference of wheel, S60 velocity per minute, 
3'6 area of buckets, 9 ft. shrouding, 1*97 revolutions per 
minute. 

(5) 27 horses' power. 

(6) 24 horses' power. 



SPECIFIC GRAVITY. 



(1) 1228| cubic inches. 

(2) 29j§f cubic inches. 

(3) 38||| cubic feet 

(4) 683y'^ tons. 

(5) 18*49 o^. 

(6) 11*4 ft*. 



(7) 4335} f ft*. 

(8) 3076 ft*. 

(9) 600 ft*. 

(10) 100 ft*, copper, 12 ft*. 
tin. 
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CENTRE OF GRAVITY. 



(1) 19*2 the distance from 

the end for 16 Ihs. 4*8 
the distance from the 
end for 4 lbs. 

(2) IS^Vj inches from the 

end where the 40 lbs, 
are hung, 22 ^"^^^ inches 
from the end where 
the 20 Ihs, are hung. 

(3) 2-35 from the 90 lbs. 

7*65 from the other end. 

(4) 50 lbs. 

(5) 12. 



(6) 16. 

(7) 36. 

(8) 27. 

(9) SO. 

10) 194-9. 

11) 46-45. 

12) 12-99. 

13) 40-75. 

14) 8. 
\5) 14. 

16) 8. 

17) 12. 



CENTRE OF PERCUSSION. 



( 1 ) 1 3-24 centre of percussion. 

(2) 58-7089 length. 



(3) 32. 

(4) 12. 



CENTRE OF GYRATION, 



(1) 4-582. 

(2) 5-83. 

(3) 6. 



(4) 31-185. 

(5) 26-204. 

(6) 9-89. 



(7) 29-69. 

(8) 1-26. 



ROTATORY MOTION. 



( 1 ) 11-2 centre of gyration. 

(2) 3 J crvt. 

(3) 3| feet distance. 



(4) 228 cwU 

(5) 3*84 seconds. 

(6) 3*73 feet per second. 



CENTRAL FORCES. 



(1) 9 tons, nearly. 

(2) 16-58 tons. 

(3) 8 radius of revolution. 

(4) 6 radius of revolution. 

(5) 4 tons weight of wheel. 



(6) 3^ /. weight of wheel. 

(7) 24 feet velocity per 

second. 

(8) 30-16 feet velocity per 

second. 
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A SYStBM OF PRACTICAL ARITRlf ETIC. 



ON PUMPS. 



(1) 40-5 lbs. 

(2) 24 lbs. 

(3) 2100 lbs. 

(4) 121*5 gallons. 

(1) 17*43 inches diameter. 

(2) 19*9 inches diameter. 

(3) 19*2 gallons per stroke. 



(5) 175 gallons. 

(6) 12 horses' power. 

(7) 55 horses' power. 

(4) 194*4 gallons per minute. 

(5) 259*2 gallons per minute. 



ON STEAM ENGINES. 



(1) 16*37 gallons. 

(2) 6(j*123 horses' power. 

(3) 46*26 horses' power. 

(4) 114*5 horses' power. 

(5) 1157-89 area. 

(6) 32*5 diameter. 

(7) 21*6 diameter. 

(8) 207*84 feet per minute^ 

34*64 strokes per min. 

(9) 240 feet per minute, 30 

strokes per minute. 

(10) 293-9 feet per minute, 

24*49 strokes per min. 

(11) 1 60*36 horses' power. 

(12) 146*6 horses* power. 



(13) 12*3 diameter. 

(14) 86*2 cwt 

(15) 130*8 cwt. 

(16) 31-28 vibrations: 

(17) 168*48 square feet 

(18) 6 stroke, 3 crank, 24 

beam from centre to 
centre, J 8 connecting 
rod, 2*75 straps. 
(J 9) 23*76 horses' power. 

(20) 56*32 horses* power. 

(21) 6*6 depth, 15 length. 

(22) 8*8 depth, 20 length. 

(23) 17*15 //i*. 

(24) 43*97/6*. 



ffenty Mtnley and Sons, Printers, Derby. 



PREPARING FOR THE PRESS, 

A KEY TO THE FOREGOING, 

In which the Working qfaU the Examples will he fully shown. 



